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ABSTRACT
Ten potyvirus isolates from sweet potato (Ipomoea batatas) 
cv. Beauregard showing russet crack symptoms and three other isolates 
associated with internal cork and feathery mottle symptoms were obtained from 
commercial fields in the United States. The biological properties of these 
isolates and those of a mechanically transmitted virus obtained from I. purpurea 
were compared with a previously characterized sweet potato feathery mottle 
virus strain (SPFMV-C) from North Carolina. The symptoms induced in a range 
of hosts indicated that two of the isolates were associated with russet crack 
symptoms in the cultivar Jersey; however, none of them could be associated 
with russet-crack in ‘Beauregard’.
Reverse transcription polymerase chain reaction (RT-PCR) based 
protocols were tested in order to evaluate their applicability for sweet potato 
virus detection. Results suggested that RT-PCR is an efficient method for 
molecular characterization of sweet potato viruses without the need for virus 
purification. However, it was inconsistent for routine diagnosis. Using a 
combination of primers (Pot1-Pot2 and Pot2-P89), conserved regions of 14 
isolates were amplified, except the virus obtained from /. purpurea. The RT- 
PCR product from three isolates including SPFMV-C were cloned and 
sequenced. Comparison of the 5’ coat protein coding region nucleotide 
sequence of these isolates with those of other isolates stored in GeneBank
viii
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revealed high degree of homology between SPFMV-952 and SPFMV-RC and 
between SPFMV-956 and SPFMV-C.
Restriction fragment length polymorphism and single strand 
conformational polymorphism analysis of the cDNA of selected isolates did not 
reveal genomic differences that could be linked to different biological properties. 
Enzyme-linked immunosorbent assay tests using monoclonal antibodies 
specific for potyviruses detected the presence of potyviruses in symptomatic 
plants.
ix
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INTRODUCTION
Virus diseases are widespread in sweet potato (Ipomoea batatas (L.) 
Lam). However, there is little reliable information on which specific viruses are 
present in the United States other than strains of sweet potato feathery mottle 
potyvirus (SPFMV). Indexing methods developed for sweet potato viruses, such 
as sweet potato mild mottle ipomovirus (SPMMV), sweet potato latent potyvirus 
(SPLV), sweet potato sunken vein closterovirus (SPSW), and others, have not 
been systematically applied to test sweet potatoes in the United States (Clark, 
personal communication). However, a nucleic acid probe for SPSW  has been 
used to index some of the accessions held in the Sweet Potato Germplasm 
Repository in Griffin, GA, and it was found that one accession, the very old 
heirloom cultivar White Bunch, was infected with this virus (Pio-Ribeiro et 
ai, 1996).
It has been observed that cultivars of sweet potato tend to decline in 
productivity with time. Obviously, several factors can contribute to such a 
decline, including accumulation of undesirable mutations or viruses in the seed 
stock. Unfortunately, sweet potato viruses received very little research attention 
until about 15 years ago. Much of the research that has been done has focused 
on SPFMV, which appears to be universal in sweet potato.
Fifty years ago, Louisiana led the nation in sweet potato production with 
more than 100,000 acres. Today approximately 20,000 acres of are planted 
each year, and Louisiana is second in sweet potato production in the United
1
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States. The release of the cultivar Beauregard in 1987 improved the sweet 
potato yield in Louisiana, and during the past 10 years, consumers across the 
nation have come to prefer ‘Beauregard’ over any other sweet potato grown in 
the United States (Cannon, 1997).
Russet crack, a virus-induced disease (Fig. 1A) that was thought only to 
be a problem on the ‘Jersey* type of sweet potato (dry-fleshed), was not 
affecting the orange, moist-fleshed types including ‘Beauregard’ (Clark, 
personal communication). However, in recent years, observations of a disease 
similar in appearance to russet crack have come from North Carolina, Virginia, 
California, and from isolated instances in Louisiana, Mississippi, New Mexico, 
and Texas. It has not been definitively established that the disease is the same 
as russet crack, but preliminary research indicated that it is graft-transmissible 
(Clark, personal communication).
The objective of this work was to test and evaluate polymerase chain 
reaction based protocols for sweet potato virus detection. Sweet potato 
potyviruses from different states were isolated and biologically compared to a 
previously characterized common strain of SPFMV (SPFMV-C). Research was 
conducted in an effort to detect, characterize and differentiate those isolates by 
reverse transcription polymerase chain reaction (RT-PCR) alone or in 
combination with restriction fragment length polymorphism (RFLP) or single­
strand conformation polymorphism analysis (SSCP), and eventually distinguish 
the isolates associated with the russet crack symptoms in ‘Beauregard’. The 
PCR products from three representative isolates were cloned and sequenced
2
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Fig.1. Symptoms induced by SPFMV strains. (A) Russet crack symptoms 
induced by SPFMV-RC in storage roots of sweet potato ‘Beauregard’. (B) 
Foliar symptoms of chlorosis (feathering) induced by SPFMV-C in sweet 
potato.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
for further molecular characterization. An enzyme-linked immunosorbent assay 
(ELISA) was evaluated for their detection, and finally, preliminary attempts were 
made to obtain RNA probes for molecular hybridizations.
4
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LITERATURE REVIEW
Attributes and importance of sweet potato. With an annual world 
production of 122 million metric tons (FAO, 1995) sweet potato (Ipomoea 
batatas), is the third most important root crop after potato and cassava and is 
ranked seventh in global crop production (Chavi et al., 1997). The crop is 
grown exclusively in tropical and subtropical regions, usually with low input, 
and can produce high yield under marginal conditions. Both storage roots 
and vines are fed to animals. Storage roots also are used as a source of 
starch and for fermentation products, including wine, ethanol, lactic acid, 
acetone, and butanol. Sweet potato is an important food crop in many 
countries throughout the tropics (Clark & Moyer, 1988).
Sweet potato is a dicotyledoneous plant in the family Convolvulaceae, 
the morning glory family, which contains several important species of weeds 
and cultivated ornamentals. Sweet potato is thought to have originated in 
Central or South America, in the region between the Yucatan peninsula of 
Mexico and the mouth of the Orinoco River, in Venezuela. This crop is mainly 
cultivated in Southeast Asia and Africa for direct human consumption as a 
staple food (Clark & Moyer, 1988). China with about 80% of the world 
production is the largest producer (International Potato Center, 1995). This 
plant is vegetatively propagated, perennial but grown as an annual. Sweet 
potato is predominantly prostrate, with a vine system that expands 
horizontally very rapidly and develops a relatively shallow canopy (Clark &
5
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Moyer, 1988). Interest in sweet potato increased during the last 10 years, 
with an increasing need for international movement of primitive and improved 
sweet potato germplasm (Colinet, 1996).
Sweet potato is subject to different constraints. Among these, virus 
diseases often greatly reduce yield and quality of production (Clark & Moyer,
1988). For a vegetatively propagated crop, such as sweet potato, the most 
suitable short-term strategy to provide the grower with a superior quality and 
yield is to produce pathogen-indexed planting material (Beetham & Manson, 
1992; Love et al., 1987; Moyer & Salazar, 1989). However, the lack of 
reliable data on the identity and epidemiology of prevailing viral agents has 
hampered the establishment of efficient and rational schemes of production 
and indexing of virus-free material (Colinet, 1996). Among the sweet potato 
virus indexing methods, graft inoculation onto the Brazilian morning glory (/. 
setosa Ker.) is the most reliable (Moyer et al., 1980). However the procedure 
is time consuming and requires a great amount of labor and greenhouse 
space (Abad, 1991).
The development of sweet potato genotypes resistant to viruses is an 
enduring long-term strategy that requires sweet potato and wild relative 
germplasm enhancement and utilization. However, the safe movement of 
germplasm from one country or continent to another for its utilization in 
breeding programs is strictly dependent upon the ability to ensure that 
unwanted diseases will not be introduced to new areas (Colinet, 1996).
6
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Viruses infecting sweet potato. Until the present time, few sweet 
potato viruses were identified and adequately characterized, and the etiology 
of the numerous presumed viral diseases reported to affect sweet potato 
remains to be determined. Therefore, concerns are justified that the detection 
and identification of sweet potato viruses are priorities and prerequisites to 
the development of rational control strategies (Colinet, 1996).
There are many reports of virus-like symptoms on sweet potato that lack 
complete characterization of the causal agent. Sweet potato vein mosaic 
virus (SPVMV), possibly a strain of sweet potato feathery mottle virus 
(SPFMV), reported in Argentina, induces stunting and severe foliage 
symptoms in sweet potato plants which produce fewer storage roots (Nome, 
1973). Unfortunately, SPVMV has not been further characterized, and 
therefore, data is not available for its detection and comparison with other 
known viruses (Moyer & Salazar, 1989).
Sweet potato leaf curl virus (SPLCV) (Osaki & Inouye, 1991, Green et 
al., 1992), ipomoea crinkle leaf curl virus (ICLCV) (Cohen et al., 1997) and 
sweet potato leaf curl virus US (SPLCV-US) (Lotrakul et al., 1998), three 
whitefly-transmitted viruses inducing leaf curl symptoms, have been reported 
in Taiwan and Japan, Israel, and the United States, respectively. Although 
complete virus characterization has not been reported, there is indication that 
the casual agent is a whitefly-transmitted geminivirus. Other isometric viruses 
also can affect sweet potato. These include a putative caulimovirus (Atkey & 
Brunt, 1987; Brown etal., 1988), a nepovirus (Brown etal., 1988), an ilarvirus
7
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(Laakso & Moyer, 1989), and a reovirus (Moyer & Salazar, 1990). There are 
reports of mixed infections of SPFMV, cucumber mosaic cucumovirus (CMV) 
and tobacco streak ilarvirus (TSV) (Clark & Moyer, 1988; Moyer & Salazar, 
1989; Cohen & Loebenstein, 1991). A new luteovirus, sweet potato leaf 
speckling virus (SPLSV) that occurs mainly in mixed infections with SPFMV, 
has been reported recently in Peru (Fuentes etal., 1996).
The sweet potato virus disease (SPVD) was first reported in Nigeria 
(Larsen et al., 1991). The disease symptoms are due to the synergism 
between SPFMV and a whitefly transmitted agent which was recently 
determined to be a closterovirus and referred to as sweet potato sunken vein 
virus (SPSW) (Cohen et al., 1992; Winter et al., 1992; Hoyer et al., 1996). 
A closterovirus-like virus has been reported in the sweet potato accession 
White Bunch’ in the United States (Pio-Ribeiro etal., 1996).
At least three potyviruses are known to infect sweet potato. Sweet 
potato mild mottle virus (SPMMV) was isolated in East Africa (Kenya, 
Uganda and Tanzania) from sweet potatoes exhibiting leaf mottling, dwarfing 
and poor growth (Hollings et al., 1976). SPMMV is transmitted by the whitefly 
Bemisia tabaci (Gennadius), and the morphologies of virions and cytoplasmic 
inclusions are similar to those of potyviruses (Hollings et al., 1976; Moyer & 
Salazar, 1989). Sweet potato yellow dwarf virus (SPYDV) was described in 
Taiwan and occurred in mixed infections with SPFMV. Similarly to SPMMV, 
SPYDV is transmitted by the whitefly, B. tabaci (Clark & Moyer, 1988).
8
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Neither aphids nor whiteflies have been shown to transmit sweet potato 
latent virus (SPLV) though it has some properties in common with 
potyviruses. This virus, isolated in Taiwan and reported as well in China, 
induces typical cylindrical inclusion proteins in the cytoplasm of infected cells 
(Clark & Moyer, 1988; Moyer & Salazar, 1989)
Among the viruses affecting sweet potato, SPFMV is probably the most 
prevalent and widespread throughout the world where sweet potato is 
cultivated (Cali & Moyer, 1981; Clark & Moyer, 1988; Moyer & Salazar, 
1989). SPFMV is one of the causes of the progressive degeneration of sweet 
potato especially when coinfecting with other viruses (Milgram et al., 1996). 
Thus, SPFMV is frequently a problem in determining the etiology of a viral 
disease in sweet potato (Moyer & Salazar, 1989). Foliar symptoms, including 
irregular chlorotic patterns (feathering) as well as chlorotic spots sometimes 
surrounded by purple borders, are the most frequent symptoms induced by 
SPFMV in sweet potato.
SPFMV is a species of the genus Potyvirus of the family Potyviridae. 
This virus is found nearly everywhere sweet potato is grown. Several strains 
of SPFMV found worldwide have been described. The common strain 
(SPFMV-C) induces only foliar symptoms in sweet potato (Moyer & Kennedy, 
1978) and does not infect the indicator host Chenopodium amaranticolor 
Coste and Reyn (Fig. 1B). The russet crack strain (SPFMV-RC) induces 
diagnostic lesions on roots of the cultivar Jersey and foliar symptoms in 
several other sweet potatoes (Campbell et al., 1974; Moyer et al.,1980) and
9
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induces local lesions in C. amaranticolor (Cali & Moyer, 1981; Kennedy & 
Moyer, 1982). The yellow vein strain (SPFMV-YV) induces severe symptoms 
in I. nil L.‘Scarlet O’Hara’ (Moyer, 1986). The strain SPFMV-835, which is 
originally from Peru, is the only SPFMV strain which induces mosaic, rugosity 
and leaf deformation in Nicotiana benthamiana Domin. (Moyer, 1986).
Most SPFMV-infected sweet potato cultivars exhibit relatively mild and 
transient foliar chlorotic symptoms though some strains induce more severe 
symptoms on roots (Clark & Moyer, 1988; Moyer & Salazar, 1989). Since 
SPFMV is distributed worldwide, it is frequently identified as a component of 
mixed infections and often has interfered with the identification of associated 
viruses (Clark & Moyer, 1988; Cohen et al., 1992; Moyer & Salazar, 1989; 
Winter et al., 1992). Diseases resulting from mixed infections are frequently 
more severe than those occurring from infection by SPFMV alone.
Potyvirus particle and genomic organization. The family Potyviridae 
forms the largest and economically important family of plant viruses (Shukla 
et al., 1994). It contains over 200 definitive and possible members, which 
cause serious diseases in a wide range of crop plants, particularly in tropical 
and sub-tropical areas (Shukla etal., 1994). The family Potyviridae has been 
recently divided into three recognized genera (the genera Bymo, Poty- and 
Rymovirus) (Barnett, 1991; 1992; Shukla et al., 1994) among which the 
genus Potyvirus, with potato virus Y (PVY) as the type member, is the largest 
(over 180 members). Potyviruses are nonpersistently transmitted many aphid 
species, while bymoviruses [type species: barley yellow mosaic virus
10
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
(BaYMV)] and rymoviruses [type species: ryegrass mosaic virus (RGMV)] are 
specifically vectored by the fungus Polymyxa graminis and eriophyid mites, 
respectively (Brunt, 1990). The family Potyviridae also contains some 
unassigned viruses, among them the whitefly transmitted SPMMV, and 
possibly SPYDV, which were temporarily assigned to a possible taxon, the 
genus Ipomovirus (Shukla etal., 1994).
Particles of potyviruses, rymoviruses and ipomoviruses are flexuous 
rods of 680 to 900 nm long and 11 to 15 nm diameter. Virions are made up of 
about 2000 units of a single structural protein that encapsulate a non­
segmented, single-stranded positive-sense RNA genome of approximately 
10,000 nucleotides. Bymoviruses have bipartite single-stranded RNA 
genomes that are encapsulated in particles of two modal lengths, 200 to 
300 nm and 500 to 600 nm (Riechmann etal., 1992; Shukla etal., 1994).
Potyvirus virions range from 810 to 865 nm length and encapsulate a 
single-stranded, positive sense RNA of 8.2-9.7 kb which is 3’ polyadenylated, 
and has a protein (VPg) about 24 kDa covalently linked to, or near, the 5’ 
terminus. The VPg is believed to perform two major functions. It can sen/e to 
stabilize the mRNA from attack by exonucleases, and also it can play a role 
in replication of the virus by serving as a primer for viral nucleic acid 
synthesis (Shahabuddin et al., 1988). The viral RNA contains one long open 
reading frame (ORF) coding for a large polyprotein precursor later cleaved by 
three virus-encoded proteinases into smaller polypetides (Riechmann et al., 
1992; Shukla et al., 1994). The order of these products from the amino (N)-
11
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to carboxy (C)-terminus of the polyprotein is, VPg, first protein/protease (P1- 
Pro), helper component/protease (HC-Pro), third protein (P3), first 6k peptide 
(6K1), cytoplasmic inclusion protein (Cl), second 6k peptide (6K2), small 
nuclear inclusion a protein/protease (Nla-Pro), large nuclear inclusion b 
protein (Nib) and coat protein (CP) (Fig.2). Several of the gene products 
appear to have multiple functions earned out by different protein domains 
(Riechmann et a!., 1992; Shukla et al., 1994). Two of these proteins (VPg 
and coat protein) are present in the virus particles; the others can be isolated 
from infected plants (Dougherty & Carrington, 1988; Rodriguez-Cerezo etal., 
1991).
In older infected leaves, cytoplasmic inclusion (Cl) proteins of pea seed- 
borne mosaic potyvirus (PSbMV), plum pox potyvirus (PPV) and SPFMV 
have been found in close association with both endoplasmic reticulum and 
plasmodesmata, suggesting their role to facilitate the intercellular transport of 
virus particles and/or their nucleic acid and protein components (Lawson et 
al., 1971; Martin et al., 1992). The Cl protein has been shown to be an RNA 
helicase able to unwind RNA duplexes (Lain et al., 1991), and has been 
found assembled in the cytoplasm forming characteristic cylindrical pinwheel 
inclusions. These ‘pinwheel’ structures are seen in the cytoplasm of infected 
cells of all potyviruses which have been examined so far (Edwardson, 1974). 
As the induction of cytoplasmic cylindrical inclusions is unique to the family,
12
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P1-Pro HC-Pro P3 6K1 Cl 6K2 Nia-Pro Nib CP
Rg. 2. Organization of the potyvirus genome. P1-Pro = first protein/protease, 
HC-Pro = helper component/protease, P3 = third protein, 6K1 = 6K peptide, Cl = 
cytoplasmic inclusion protein, 6K2 = second 6K peptide, Nla-Pro = nuclear inclusion a 
protein/protease, Nib = nuclear inclusion b protein (RNA polymerase), CP = coat 
protein (Based on Riechmann etal., 1992).
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this property is considered to be the most important phenotypic criterion for 
assignment of viruses to the family Potyviridae (Shukla etal., 1994)
The P1 protein has been suggested to be involved in cell-to-celi 
movement (Domier et at., 1987). Also, there is evidence that the N-terminal 
region of the coat protein has the same function. It is reported that P1 of 
tobacco vein mottling virus (TVMV) has a proteinase activity for C-terminal 
autoprocessing (Verchot et a!., 1991), as well as, single-stranded RNA 
binding activity (Brantley & Hunt, 1993)
It is well established that the HC-protein facilitates the transmission of 
potyviruses by aphids (Pirone & Thombury, 1984). HC-protein also functions 
as a protease which autocatalyses the processing of its C-terminus 
(Carrington et al., 1989) and/or as part of the cell-to-cell movement complex 
(Atreya et al., 1992). The small nuclear inclusion protein, Nla, is the major 
proteinase of potyviruses and is involved in processing the C-terminal two 
thirds of the polyprotein. The Nib protein is believed to be the RNA- 
dependent RNA polymerase of potyviruses (Dougherty & Carrington, 1988) 
and contains the consensus sequence motif, GDD (Glycine, Aspartate, 
Aspartate) found in viral RNA-dependent RNA polymerase. The P3 protein 
has been reported to be associated with cylindrical inclusions suggesting an 
involvement in replication (Rodriguez et al., 1993). The 6K2 protein also is 
believed to play a role in virus replication (Soumounou & Laliberte, 1994). 
The coat protein is used in the assembly of virus particles and controls virus 
transmission by aphids and recently was found to be involved in virus spread
14
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(Dolja et al., 1994). Comparisons between distinct potyviruses show that P1, 
P3 and the N-terminal region of coat protein are the most variable potyvirus 
protein regions and may be involved in host-virus interactions. The N- 
terminal region differs in size and sequence while the C-terminal two thirds 
are more highly conserved. The N-terminal region is exposed on the virus 
surface along with a small region from the C-terminal end. Both are 
implicated in some biological properties, such as vector transmission, host 
range and cross- protection. The central core region of 215-227 amino acids 
is involved in particle assembly (Shukla etal., 1994).
Recently, information available on the structure of the potyvirus genome 
and coat protein has increased tremendously with the development of 
improved techniques for protein and nucleic acid analysis. There is growing 
worldwide interest in potyvirus capsid protein genes because of their use in 
genetic engineering to obtain virus resistant plants. The sequence of the 
capsid protein gene of more than 20 potyviruses and several of their strains 
have been determined so far. Consequently, substantial progress has been 
made toward understanding the nature and function of the capsid protein of 
potyviruses (Colinet, 1996). This protein is the major component of the virion 
with approximately 2000 copies of a single monomeric unit per RNA 
molecule (Allison et al., 1985). From the published amino acid sequences of 
the potyvirus capsid proteins, several interesting features are described. For 
instance, 38-71% similarity in amino acid sequence has been found for 
distinct viruses and 90-99% for strains of the same virus (Shukla & Ward,
15
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1989). The amino terminal region of the viral capsid protein sequence varies 
considerably among different potyviruses while the remaining part of the 
capsid protein sequence is highly conserved (Shukla & Ward, 1989; 
Dougherty & Carrington, 1988). These conserved domains may be involved 
in protein-protein interactions and/or protein-RNA interaction. More recently, 
it has been shown that a DAG (Aspartate, Alanine, Glycine) domain near the 
N terminus is involved in the aphid transmission of tobacco vein mottle virus 
(TVMV) (Atreya etal., 1990).
C riteria for the classification o f potyviruses. The potyvirus genus is 
large, complex, and variable, and, is difficult to satisfactorily identify and 
classify potyviruses by classical approaches (Shukla et al., 1994). The 
taxonomy of the potyviruses was long believed to be an inextricable problem 
and was only resolved when coat protein and gene sequence data became 
available (Shukla & Ward, 1988). The N-terminal region of the coat protein is 
one of the most variable regions of the potyviral polyprotein and may 
profoundly diverge even between strains (Frenkel et al., 1991; Pappu et al., 
1994a; b; Xiao etal., 1993). The conserved coat protein core appeared to be 
more accurately representative of the entirety of the genome (Shukla et al., 
1994).
Extensive comparisons between the coat protein core of many members 
of the family Potyviridae revealed four levels of sequence identity (Shukla et 
al., 1994). The lowest level of sequence identity (15 to 35%) corresponds to 
genera while the second (55 to 75%) correspond to distinct potyviruses and
16
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the third (74 to 88%) reflects a closer evolutionary relationship between some 
distinct potyviruses still not related as strains (fourth level, 90 to 99%).
Biological properties such as symptomatology, host range and cross- 
protectionalso may have some value in establishing the virus/strain status of 
a particular isolate, as far as, they reflect significant genotype differences 
(Shukla etal., 1994).
PCR for detection and identification of sweet potato potyviruses. 
Sweet potato viruses are difficult to transmit mechanically, they occur in 
mixed infections and their host range is often restricted to the 
Convolvulaceae. Therefore, sweet potato virus identification on the basis of 
biological and cytopatological criteria is very difficult (Colinet, 1996).
The polymerase chain reaction technique (PCR) (Saiki et al., 1985; 
Mullis & Faloona, 1987) offers several advantages compared to more 
traditional methods of plant virus diagnosis. This technique is highly 
sensitive. Theoretically it can detect a single target molecule in a complex 
mixture. Moreover, it is rapid and versatile (Fenby et al., 1995). Although 
many viruses are present in plant tissue at titers high enough to be detected 
without nucleic acid amplification, the sensitivity of the PCR is an advantage 
for viruses that are unevenly distributed and present sometimes at very low 
levels in infected plants. A PCR cycle includes three essential steps: (1) 
denaturation of the target DNA, (2) annealing of two oligonucleotide primers 
to the denatured strands, and (3) primer elongation by a thermostable DNA 
polymerase isolated from Thermus aquaticus (Saiki et al., 1988). Newly
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synthesized strands serve as templates for subsequent DNA synthesis as the 
cycle is repeated up to 50 times (Colinet, 1996).
The PCR has been extended to include RNA as the starting template by 
first converting RNA to cDNA by a retroviral reverse transcriptase (Veres et 
al.,1987, Powell et al.,1987). The most common reverse transcriptases are 
those obtained from avian myeloblastosis virus (AMV) and moloney murine 
leukemia virus (MmLV). To date, 77 plant virus species belonging to 29 
genera and eight families, have been detected using PCR. Fifty six species 
of single-stranded RNA viruses have been detected by reverse transcription 
and polymerase chain reaction (RT-PCR) (Eiras, 1998). A RT-PCR assay 
utilizing degenerate primers corresponding to the border sequences of Nib 
and coat protein genes was applied for specific detection of a severe strain of 
SPFMV in Japan (Nishiguchi eta l., 1995) and to 18 sweet potato clones from 
China (Colinet et al., 1998). Molecular analysis of the amplified fragments 
identified Chinese strains of sweet potato feathery mottle virus (SPFMV-CH 
and SPFMV-CH2), sweet potato latent virus from China (SPLV-CH) and 
Taiwan (SPLV-T), and a new potyvirus, sweet potato virus G (SPVG) (Colinet 
& Kummert, 1993; Colinet etal., 1994; Colinet etal., 1998).
A strain of SPFMV was detected by RT-PCR from a sweet potato clone 
from Zimbabwe. This strain induced vein clearing in N. benthamiana (Chavi 
et al., 1997). Two other strains of SPFMV isolates from Korea (SPFMV-K1 
and K2) were cloned and their coat protein sequences were analyzed after 
RT- PCR (Ryu etal., 1998).
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A new sweet potato potyvirus designated sweet potato mild-speckling 
virus (SPMSV) and two SPFMV strains SPFMV-5 and SPFMV-6, could be 
detected by RT-PCR in Argentina (Alvarez etal., 1997). SPMSV coat protein 
and 3’ non-coding region sequence comparisons with those of other 
described potyviruses showed 63% homology with SPFMV and 73% with 
PVY. These data allowed proposing the inclusion of SPMSV as a new 
member of the family Potyviridae (Alvarez et al.,1997).
The sequencing after RT-PCR of SPMMV, the whitefly-transmitted 
sweet potato potyvirus, demonstrated that SPMMV belongs to a distinct 
genus (Ipomovirus) of the family Potyviridae (Colinet et al., 1996)
The complete nucleotide sequence of SPFMV-S and the 3’ terminal 
region of the ordinary strain (SPFMV-0) has been determined in Japan 
(Sakai et al., 1997; Mori et al., 1994). A partial nucleotide sequence of 
SPFMV has been reported for SPFMV-C and SPFMV-RC in the United 
States (Abad etal., 1992).
RFLP. Alternative methods to study genetic variability in plant viruses 
have been used, such as RT-PCR followed by restriction fragment length 
polymorphism analysis (RFLP). This method has been used for plant viruses 
such as citrus tristeza closterovirus (CTV) (Gillings et al., 1993), pepper- 
infecting tobamoviruses (Tenllado et al., 1994) and PVY (Nolasco et al., 
1993; Chachulska et al., 1997). From an experimental point of view, this 
method, although significantly increasing the number of samples that can be 
examined compared to sequencing, still presents some inconveniences in
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sample handling, such as vims purification or RNA/DNA extraction (Blanco et 
al., 1996).
SSCP. Single-base genetic variations can be easily detected by DNA 
sequencing. However, with the advent of PCR technology, rapid, new 
methods for detecting mutations and polymorphisms have emerged, negating 
the need for expensive and time-consuming sequencing. Among the recent 
methods available for detecting point mutations is single-strand 
conformational polymorphism analysis (SSCP)(Orita et al., 1989) and 
modified SSCP techniques, such as RNA-SSCP (Sarkar et al., 1992). SSCP 
analysis has gained wide acceptance because of its simplicity, and has been 
used to detect sequence changes in various contexts. For example, the 
SSCP technique has been effective to detect strains of beet necrotic yellow 
vein furovirus (BNYW ) (Koenig etal., 1995). The SSCP method is based on 
the principle that single-stranded DNA, in a nondenaturating condition, has a 
folded structure that is determined by intramolecular interactions. This 
sequence-based secondary structure (conformers) affects the mobility of the 
DNA during electrophoresis on a nondenaturing polyacrylamide gel. 
Theoretically a DNA molecule containing a mutation, even a single-base 
substitution, will have a different secondary structure than the wild type, 
resulting in a different mobility shift during electrophoresis than that of the 
wild type (Orita etal., 1989).
ELISA fo r detection of potyviruses. Serology of vims particles and 
coat proteins has been widely used for the identification and classification of
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plant viruses. However, it has proved unsatisfactory when applied to the 
Potyviridae (Shukla et al., 1992). Extreme variation in cross-reactivities of 
potyvirus antisera has been a major limiting factor in establishing the correct 
identity of many potyviruses and their strains. Some members of the 
Potyviridae family still cannot be identified accurately by the serological 
methods currently available (Shukla etal., 1991).
Since the work of Clark & Adams (1977) on double antibody sandwich- 
ELISA (DAS-ELISA) for plant viruses, the test has been used for detection 
and quantitative estimation of a large number of plant viruses. Within the last 
decade various kinds of ELISA have become the preferred types of 
serological tests for plant viruses because of their simplicity, adaptability, 
sensitivity and accuracy. Two types of DAS-ELISA are commonly used. In 
the direct ELISA an enzyme is linked covalently to the antiviral 
immunoglobulin, whereas in the indirect ELISA the enzyme is linked to a 
molecule that detects the antiviral immunoglobulin. The DAS-ELISA has 
higher specificity, maybe due either to a reduction in antibody activity 
following conjugation with enzyme (Koenig, 1978) or some preservation of 
the tertiary structure of virus particles since in this procedure particles are 
captured on a layer of antibody molecules absorbed to plates.
There have been relatively few changes in ELISA since the introduction 
of monoclonal antibodies (McAbs) (Halk & DeBoer, 1985). Specific McAbs 
have been produced against at least 20 different potyviruses (Jordan, 1990). 
Immunization of mice with intact potyvirus particles generates McAbs of
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diverse specificity. Some recognize only their homologous strains or viruses 
while others react with a range of potyviruses and, in some cases, with most 
potyviruses (Jordan, 1992). This diverse specificity of potyvirus McAbs is due 
to the presence of stretches of common amino acid residues in the coat 
proteins of potyviruses (Hewish et al., 1993). Such common regions are 
generally found in the coat protein core (devoid of N- and C-termini) in 
biologically and serologically distinct potyviruses, whereas in biologically and 
serologically similar viruses such conserved regions can be seen throughout 
the coat protein sequences (Shukla et al., 1994).
Since viruses infecting sweet potato are difficult to detect by biological 
techniques, a broad-specificity antibody that would detect most, if not all, 
potyviruses would be extremely useful for certification when the primary 
objective is to detect potyvirus-infected samples, regardless of the identity of 
viruses (Colinet, 1996).
Even though serological procedures have been applied for potyvirus 
detection, they are not widely accepted for the detection of sweet potato 
potyviruses. The low concentration and irregular distribution in sweet potato 
are frequently cited as obstacles to reliable use of these tests (Esbenshade & 
Moyer, 1982). Another factor is the presence of high concentrations of 
phenolics, latex, and inhibitors in sweet potato tissue that adversely affect 
reagents used in these tests (Abad & Moyer, 1992)
Detection of SPFMV by molecular hybridization. Abad & Moyer, 
developed in vitro transcribed RNA (cRNA) probes (riboprobes) for SPFMV.
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These probes detected some of the currently recognized SPFMV strains (C 
and RC). The probes were developed using cDNA containing the 3’-terminal 
region of the capsid protein cistron, which exhibited a high degree of 
homology for the potyvirus. The riboprobe system was more sensitive than 
immunodiagnostic filter binding, because it could overcome interference with 
host factors that compromise the reliability of immunodiagnostic assays in 
SPFMV detection.
The use of such molecular hybridization methods for detection of plant 
viruses has increased in recent years (Harper & Creamer, 1995). A dot blot 
hybridization system using digoxigenin labeled probes also has been 
developed for detection of the sweet potato virus disease-associated 
closterovirus (Pio-Ribeiro etal., 1996).
Chemiluminescent methods for dot blot hybridization can provide greatly 
improved sensitivity over earlier colorimetric techniques, as well as, hard 
copy results on X-ray film. They are based on enhanced chemiluminescence 
reaction catalyzed by the enzyme horseradish peroxidase (HRP) involving 
the oxidation of luminol in the presence of hydrogen peroxide. Light output 
can be stimulated more than 1,000-fold by the addition of chemical 
enhancers, which increase both intensity and duration (Valverde etal., 1994).
Molecular hybridization involves the attachment of the virus genome to 
a membrane and the hybridization of the labeled probe to the viral sequence. 
DNA or RNA probes can be labeled non-radioactively with biotin or directly 
labeled with horseradish peroxidase. The direct labeling approach is made
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possible by the use of a chemical modification procedure. HRP is chemically 
modified becoming positively charged, thus allowing it to bind to single­
stranded, negatively charged nucleic acid, such as denatured DNA or 
ssRNA. The modified enzyme is then covalently linked to the nucleic acid 
through amine groups on the bases using glutaraldehyde (Valverde et al., 
1994). Dot blot hybridization has a sensitivity generally described as 
equivalent or superior to ELISA (Dhar & Singh, 1994; Fenby et al., 1995; 
Harper & Creamer, 1995). Molecular hybridization is similarly well suited to 
serological techniques for known sweet potato virus detection (Abad & 
Moyer, 1992), though it is more laborious to handle. One disadvantage of 
hybridization is that molecular probes may show such a high specificity that 
only one particular strain of a virus may be detected. Therefore, a careful 
choice of nucleic acid sequences is needed to achieve the suitable specificity 
(Abad & Moyer, 1992 ). Another disadvantage of hybridization techniques is 
that, like serological techniques, they can only be used for viruses for which 
specific probes are available and thus need prior sequence information.
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MATERIALS AND METHODS
Virus Isolates. Isolates were provided from the LSU collection. These 
isolates were obtained from sweet potatoes showing symptoms of SPFMV 
infection, including russet crack, from sweet potato production areas in 
Louisiana, Mississippi, New Mexico, North Carolina and California (Table 1). 
Isolate IpA was obtained from Ipomoea purpurea (Clark, personal 
communication). Shoots from sweet potato were grafted onto /. setosa and 
mechanical inoculations were made from symptomatic /. setosa to /. nil 
‘Scarlet O’Hara’. The virus isolates were obtained after single-aphid-probe 
transmission to ‘Scarlet O’Hara’ and were maintained on this host by 
periodical mechanical inoculation under greenhouse conditions. Plant extracts 
for each isolate were inoculated on three ‘Scarlet O’Hara’ at the cotyledonary 
stage before the first true leaf was fully emerged. The potyvirus identity of the 
isolates used in this work was determined previously by serologically specific 
electron microscopy and ELISA using polyclonal antibodies for SPFMV 
(Clark, personal communication).
Host reactions. Plants were grown in the greenhouse. Seeds were 
planted into 10 cm clay pots containing a potting medium consisting of 1 part 
of soil, 1 part of sand and 1 part of Jiffy-Mix Plus ®. Symptomatic leaf tissues 
of ‘Scarlet O’Hara’ were triturated in 0.05 M potassium phosphate buffer, pH 
7.2, containing 0.1 M sodium diethyldithiocarbamate (1:10, w/v). Various 
Ipomoea
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Table 1. Geographic and host of origin and symptoms on 
original host of the sweet potato potyvirus isolates
Isolate Geographic origin Host Symptom
92-1 (a) Louisiana 1. batatas 
‘Porto Rico’
Internal cork
92-7 (b) Louisiana 1 .batatas Feathery mottle
92-9 (c) Mississippi 1. batatas Feathery mottle
(a)
‘Jewel’ mericlone
95-1 Louisiana 1. batatas Russet crack
(a)
‘Beauregard’
95-2 New Mexico 1. batatas Russet crack
(a)
‘Beauregard’
95-3 New Mexico 1. batatas Russet crack
(a)
‘Beauregard’
95-4 Louisiana 1. batatas Russet crack
(a)
‘Beauregard’
95-5 Louisiana 1. batatas Russet crack
(a)
‘Beauregard’
95-6 North Carolina 1. batatas Russet crack
(a)
‘Beauregard’
95-7 North Carolina 1. batatas Russet crack
(a)
‘Beauregard’
95-8 California 1. batatas Russet crack
(a)
‘Beauregard’
95-9 California 1. batatas 
‘Beauregard’
Russet crack
RCNM m New Mexico 1. batatas Russet crack
(b)
‘Beauregard’
IpA Louisiana 1. purpurea Mosaic
FMV-C (e) North Carolina 1. batatas ‘Porto Feathery mottle
Rico’
Isolation method : (a) Single aphid probe, (b) Mechanical inoculation, 
(c) Grafting, (d) Mechanical inoculation into N. benthamiana, (e) From 
Moyer etal., (1980).
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species were inoculated on the cotyledons before emergence of the primary 
leaf. Inoculations were made to N. benthamiana, at the three to five leaf 
stages and to C. quinoa, with fully expanded leaves. Mature and juvenile 
leaves from N. benthamiana were each indexed by mechanical inoculation on 
/. nil seedlings approximately 30 days after inoculation. The following 
ipomoea species were tested: /. nil ‘Scarlet O’Hara’, /. setosa, I. cordatotriloba 
Ell., /. hederacea (L.) Jacq., I. wrightii (House), /. alba L., I. tricolor Ca. 
‘Heavenly blue’, /. lacunosa L. and, I. purpurea (L.) Roth. Plants were 
observed for virus symptoms between July and January of 1995, 1996, and 
1997. Symptoms were recorded between 14-30 days after inoculation.
Total nucleic acid extraction. For total RNA extraction, sterile 
disposable polypropylene microcentrifuge tubes and pipet tips were used 
throughout the procedure. Glass and plasticware were treated with RNZap® 
(Ambion, Austin, TX). Two methods for RNA extraction and a combination of 
both were applied for total RNA extraction from infected I. nil, I. setosa, and 
sweet potato. Total RNA also was extracted from PVY and TEV infected C. 
annuum, to be used as positive control for the PCR reactions.
Method 1: Total RNA was extracted from 100 mg of fresh leaf tissue 
ground with liquid nitrogen in the presence of 1 ml of Tripure™ Reagent 
(Boehringer Mannheim, Indianapolis, IN) in 1.5 ml polypropylene tube. Tissue 
homogenization was done by vortexing for 2 min. After centrifugation at
10,000 x g for 10 min, the upper phase was mixed vigorously with chloroform 
(0.2 ml), and then incubated for 3 min at room temperature. To separate the
27
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
solution in three phases, each tube was centrifuged at 10,000 x g for 10 min 
at 4°C. The colorless upper phase was transferred to a new polypropylene 
tube, and total RNA was precipitated by adding 0.5 ml of isopropanol. The 
tubes were inverted several times and centrifuged at 12,000 x g for 15 min at 
4°C. The supernatant was discarded, and the pellet was washed with 75% 
ethanol (1.0 ml). The RNA pellet was obtained by centrifugation at 10,000 x g 
for 15 min at 4°C. The supernatant was discarded, and the pellet was air- 
dried and resuspended in 20 pi of DEPC (diethyl pyrocarbonate) treated 
water.
Method 2: Extraction was according to the RNeasy® Plant Kit protocol 
(Qiagen®, Chatsworth, CA). One hundred milligrams of tissue was ground in 
liquid nitrogen to a fine powder in 1.5 ml polypropylene tube using a 
previously RNZap® cleaned metal tool. After adding 450 pi of lysis buffer and 
vigorously vortexing, the lysate was applied to a spin column and centrifuged 
2 min at 12,000 x g. The flow-through fraction was transferred to a new 
polypropylene tube and 225 pi ethanol (90%) was added and mixed by 
pipetting. The sample was then applied onto an Rneasy® column and 
centrifuged 15 sec at 8,000 x g. The flow-through was discarded and the 
column was washed again with 700 pi of washing buffer. Finally, the column 
was washed twice with elution buffer (500 pi). Centrifugations were done at
8,000 x g for 15 sec and for 2 min, respectively. Total RNA was eluted from 
the column with 30 pi of DEPC treated water.
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Combination of methods 1 and 2: For the combined method, 100 mg 
of plant tissue was ground to a powder in liquid nitrogen. One milliliter of 
Tripure™ reagent was added, and the tissue was homogenized by vortexing. 
After centrifugation at 10,000 x g for 10 min, the upper phase was transferred 
to a new polypropylene tube, and 0.2 ml of chloroform was added. Then the 
sample was centrifuged for 10,000 x g for 10 min, the upper phase was 
removed, and 200 pi of 100% ethanol was added to the aqueous phase and 
mixed by pipetting. Total RNA was isolated from the aqueous ethanol mixture 
using the RNeasy® Total RNA Kit. The solution was applied onto the spin 
column, and the washing and elution buffers were applied, as described 
previously. The flow-through was discarded, and total RNA was eluted from 
the column with 30 pi DEPC treated water.
Reverse transcription reaction: Single-stranded cDNA synthesis was 
performed using two different procedures. The first was performed using the 
Superscript preamplification system for first-strand cDNA synthesis (Gibco 
BRL, Grand Island, NY). The RNA/primer mixtures were prepared in 0.5 ml 
tubes as follows: 2 pi of total RNA and 1 pi of oligo(dT)i2-i8 (0.5pg/pl) were 
incubated at 70° C for 10 min and quenched on ice for at least 1 min. The 
other reaction components then were added in the following order 2 pi of 10X 
PCR buffer (200 mM Tris-HCI (pH 8.4), 500 mM KCI), 25 mM MgCI2 (2pl), 10 
mM dNTP mix (1 pi), 0.1 M drthiothreitol (2 pi) and 1 pi (200 U) of Superscript 
II reverse transcriptase. The tubes were incubated at 42°C for 50 min. The 
reverse transcription reactions were terminated at 70°C for 15 min. The
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second method was conducted according to the protocol published by Chavi 
et al., (1997) with some modifications. From the total RNA extraction solution, 
10 pi were taken and mixed in a thin-walled PCR Tube with 2 p.I of P89 primer 
(10 pM) (CGG GAT CCT TTT TTT TTT TTT TTT TTT T (Chavi et al., 1997) 
synthesized at the GeneLab/LSU. This mixture was heated at 80°C for 3 min 
on a DNA thermal cycler (Perkin Elmer, Cetus or Amplitron ® II) and then 
immediately quenched on ice. The following reagents were added: 6 pi of the 
reverse transcription buffer (5x concentrated, Gibco BRL), 1 pi of dNTP 
mixture (10 mM each, Gibco BRL), 2 pi of dithiothreitol (0.1 M, Gibco BRL), 1 
pi of murine moloney leukemia virus reverse transcriptase (0.2 U/fj.1, Gibco 
BRL), and 6 pi of DEPC treated water to give a reaction volume of 30 pi. 
The tubes were then incubated for 1 h at 37°C on a thermal cycler followed by 
10 min of heating at 65°C to denature the enzyme.
PCR amplification with potyvirus-specific primers. For the PCR, 
primer P89, and degenerate primers Pot1 and Pot2 (Colinet & Kummert, 
1993) were used. These primers are derived from conserved regions of the 
genome of potyviruses. The nucleotide sequence between them spans part of 
the nuclear inclusion b protein and part of the coat protein cistrons (Fig. 3). 
The PCR reactions were performed in a 40 pi volume, containing 10 mM each 
of dATP, dCTP, dGTP, and dTTP, 2 pi each of primer Pot1 (or P89) and Pot2 
(10 pM), 2.5 U of Taq DNA Polymerase (Promega, Madison, Wl), 5 pi of 10X 
PCR buffer, 25 mM MgCl2 , and 4 pi of the first strand synthesis product. The 
PCR was performed in a DNA thermal
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P1-Pro HC-Pro P3 6K1 C1 6K2 Nla-Pro Nib CP
5’ VPg poly (A) 3’
Nib CP Poly (A) 3’
Pot 2 Pot 1
P 89
Pot 1 3’ ACCACRTADCTTBTTAcctaqqtcag 5’
BamHl
Pot 2 5’ aacaaattcTGYGAYGCBGATGGYTC 3’
EcoRI
Rg. 3. Genetic map of the potyvirus genome, and Pot1 and Pot2 primer sequences. 
Relative position of the two degenerate primers Pot1 and Pot2 and primer P89, and the 
region of the genome amplified by RT-PCR. Lowercase letters in the Pot1 and Pot2 
sequences represent enzyme restriction sites. P1-Pro= first protein/protease, HC-Pro = 
helper component/protease, P3= third protein, 6K1= 6K peptide, Cl= cytoplasmic 
inclusion protein, 6K2 = second 6K peptide, Nla-Pro = nuclear inclusion a 
protein/protease, Nlb= nuclear inclusion b protein (RNA polymerase), CP= coat 
protein. (Based on Colinet et al., 1998).
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cycler (Perkin Elmer, Cetus or Amplitron ® II). The following thermal cycling 
scheme was used for 37 reaction cycles: template denaturation at 94°C for 30 
sec, primer annealing at 40°C (cycles 1-5) and 50°C (cycles 6-37) for 1 min, 
and DNA synthesis at 72°C for 2 min. A final 15 min elongation step at 72°C 
was performed at the end of the 37 cycles. Amplification products were 
analyzed by electrophoresis of 10 pi from each reaction mixture in a 1.2% 
agarose gel, in TBE buffer pH 8.3 (45 mM-Tris, 45 mM borate, 1mM-EDTA) 
(Sambrook etal., 1989). Bands were visualized by ethidium bromide staining.
RT-PCR for detection of sweet potato potyviruses: RT-PCR reactions 
were performed on total RNA extractions from I. n il ‘Scarlet O’Hara’ infected 
with the isolates listed in Table 1. The primer pair Pot1-Pot2 was used to 
amplify viral cDNAs obtained by reverse-transcription of total RNA extracted 
by the RNeasy® protocol. The set of primers Pot2-P89 was used for cDNA 
amplification of isolates 95-2, 95-6 and FMV-C, obtained by reverse- 
transcription of RNAs extracted by the combination of methods 1 and 2, from 
infected /. nil ‘Scarlet O’Hara’ and I. setosa. Total RNA also was extracted 
from sweet potato infected with an uncharacterized strain of SPFMV and from 
healthy I. nil.
Restriction analysis of the amplified PCR products. The RT-PCR 
products were extracted with equal volume of phenol chloroform, collected by 
centrifugation (12,000 x g for 15 min) in 100% ethanol, washed with 80% 
ethanol, air dried and resuspended in 35 pi of DEPC-treated water. The 
restriction reactions were done according to the manufacturer’s instructions
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with DdeI, Taq\ and EcoRV restriction enzymes. Digests were analysed by 
electrophoresis on 1.2 % agarose gels using TBE buffer. Gels were stained 
with ethidium bromide and visualized with UV light.
Single-strand conformational polymorphism (SSCP) analysis of RT- 
PCR products. The PCR products were denatured by heating for 5 min at 
70°C in an equal volume of formamide containing 20 mM-EDTA, 0.1% 
bromophenol blue and 0.1% xylene cyanol and immediately cooled on ice. 
Samples were then electrophoresed in 10% polyacrylamide/bisacrylamide 
gels (ratio 49:1) for 4 h at 100 V in a 8.0 X 8.0 cm x 1 mm electrophoresis 
apparatus with 0.5 X TBE buffer at room temperature. The electrophoresis 
buffer was mixed between the upper and lower buffer chambers after 2 h and 
returned to the buffer chambers for the last 2 h run. After electrophoresis, the 
gels were silver-stained.
Cloning of the amplified fragments. A 10 (il aliquot of a 1.35 Kb PCR 
product of isolates 95-2, 95-6 amplified by Pot1-Pot2 and a 2.0 Kb PCR 
product of FMV-C amplified by P89-Pot2 were run in a 1.2% agarose gel. 
Bands corresponding to PCR products were excised from the gel using a 
razor blade and eluted using an Ultraclean™ 15 DNA purification kit (MO BIO 
Laboratories Inc., Solana Beach, CA). The 95-2 PCR product was first 
digested with BarrrHl and EcoPu and u'ireciionally cloned into the 
BamHI/EcoRI site of the pBluescript plasmid® II KS (+) phagemid 
(Stratagene, La Jolla, CA). A blunt end cloning strategy was followed to clone 
the 95-6 amplified fragment. This fragment was cloned into the EcoRV
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pBluescript restriction site. The FMV-C amplified fragment was directly cloned 
in the pGEM®-T vector (Promega Corp, Madison, Wl) which allowed direct 
cloning of PCR products without digestion with restriction enzymes. 
Competent JM109 Escherichia coli cells were transformed by the calcium 
chloride procedure (Sambrook etal., 1989).
Recombinant clones were selected by ampicillin resistance with negative 
p-galactosidase activity and screened for appropriate size inserts by cleavage 
with BarriH\ and EcoRI for 95-2 and 95-6 and by Psfl / Sadi for FMV-C 
recombinant clones. Overnight cultures from single colonies served as a 
source for recombinant plasmid DNA purification. Briefly, 1.5 ml of an 
overnight culture started from a single colony was centrifuged 5 min at
10,000 x g. The pellet was dissolved in 100 nl of solution I (50 mM glucose, 
25 mM Tris-HCI, pH8.0, 10 mM EDTA), then 200 jil of solution II (200 mM 
NaOH, 1% SDS) and 150 pl solution III (5 M K-acetate, 11.5 ml acetic acid 
and 28.5 ml water) were added and mixed gently. Samples were then 
centrifuged 12,000 x g for 10 min and RNase treated (10mg/ml). Supernatant 
was transferred to a new tube and mixed with two volumes of absolute 
ethanol. Samples were then centrifuged again, washed with 70% ethanol, air 
dried and resuspended in 50 |il of DEPC-treated water. The recombinant 
clones were further monitored by Southern blot hybridization using as probe a 
PCR product labelled by the ECL™ direct nucleic acid labelling system. 
Purified recombinant plasmids were run in a 1.2% agarose gel and 
transferred to nitrocellulose membranes after NaOH denaturation (0.5 M
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NaOH and 1.5 M NaCI for 30 min) and neutralization (1.5 M NaCI and 0.5 M 
Tris-HCI, pH 7.5). Membranes were air-dried and baked at 80°C for 2 h. 
Probes were prepared by boiling 0.1-0.5 ng of gel-purified PCR product in 
water bath for 10 min followed by rapid cooling on ice. ssDNA was direct 
labeled with horseradish peroxidase using glutaraldehyde. The average probe 
concentration used was 10 ng of probe/ml. Hybridization was conducted 
overnight at 42°C in Amersham’s gold hybridization buffer containing 0.5 M 
NaCI (high stringency), 5% Amersham’s blocking agent and Amersham’s 
novel rate enhancer. All membranes were washed under high stringency 
conditions (two 20 min washes at 42°C using 0.1 x SSC, 6.0 M urea, 0.4 % 
SDS, and two 5 min washes at room temperature using 2 x SSC. After 
membrane washing, chemiluminescent detection reagents were used and the 
membranes were exposed to X-ray film for 30 min. Two 95-2 clones (Clone 3 
and 31), one 95-6 clone (Clone L8) and one FMV-C clone (Clone F7) that 
positively hybridized with the PCR probe were selected and increased in E. 
coli cells grown in LB media containing ampicillin (Sambrook, et al., 1989). 
The plasmids were extracted by QIAprep® spin miniprep kit (Qiagen®) and 
sent for sequencing to the University of Florida DNA Sequencing Core 
Laboratory (Gainesville, FL) using ABI Prism Dye Terminator cycle 
sequencing protocols (part number 402078) developed by Applied 
Biosystems (Perkin-Elmer Corp., Foster City, CA). The fluorescently labelled 
extension products were analyzed on an Applied Biosystem Model 373 
Stretch DNA Sequencer (Perkin-Elmer Corp.). Oligo primers were designed
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using OLIGO 4.0 (National BioSciences, Inc., Plymouth, MN) and synthesized 
at the University of Florida DNA Synthesis Core Laboratory. Nucleotide 
sequences were aligned and assembled using programs in the Sequencer
3.0 software package (Gene Codes Corp., Ann Arbor, Ml). The nucleotide 
sequences were compared with those deposited in the GeneBank database 
using the BLASTN 2.0.4 program (Altschul et al., 1997) through the NCBI
(http://www.ncbi.nlm.nih.gov).
Detection of 95-2, 95-6 and FMV-C isolates by indirect ELISA.
Detection of 95-2, 95-6 and FMV-C isolates from ‘Scarlet O’Hara’ and /. 
setosa and an uncharacterized strain of SPFMV from sweet potato, was 
earned out using the PathoScreen indirect ELISA Kit (Agdia®, Elkhart, IN). 
Plant tissue was ground in indirect sample extract buffer [0.05M sodium 
carbonate buffer pH 9.6, plus 0.01 M sodium diethyldithiocarbamate (DIECA) 
at a 1:10 ratio (tissue weight: buffer volume), 1/50 and 1/500. Two aliquots 
(100 pi) from each dilution were transferred into a single well of a microtiter 
plate. The potyvirus monoclonal antibody was diluted (1/200) and added 
according to manufacturer instructions. Plates were incubated overnight at 
4°C. Color reactions were developed using p-nitrophenyl phosphate as a 
substrate. The reactions were stopped with 3 M NaOH 30 min after the 
substrate solution was added. Absorbances were recorded at 405 nm using a 
microtiter plate reader (Bio-Rad ELISA reader model 2550). ELISA 
absorbance values (A405) were regarded as positive if they were higher than 
those of the healthy control plant readings multiplied by two.
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Detection of 95-2, 95-6 and FMV-C isolates by in wtro-transcribed 
RNA probes. One pg of recombinant plasmids, 95-2/clone 3 and 95-2/clone 
31, was purified by phenol/chloroform extraction and used as template for 
RNA probe synthesis. The plasmids were first linearized by digestion with 
EcoRV at 37°C for 2 h, using 0.8 units of restriction enzyme per pi of miniprep 
DNA. To ensure that all ribonucleases were degraded, the digested miniprep 
was treated with one-half volume of 200 pg/ml proteinase K by incubation at 
50°C for 30 min. The resulting DNA was extracted with equal volume of 
phenol/chloroform and the aqueous phase was removed to a new tube. The 
DNA was precipitated by 100% ethanol (2 volumes). After being centrifuged 
for 15 min, the supernatant was removed, the pellet was air-dried and 
resuspended in 10 pi of DEPC-treated water. The RNA probe was 
synthesized using the Strip-EZ™ Kit (Ambion Inc, Austin, TX). The 
transcription reaction was assembled in a 0.5 ml polypropylene tube as 
follows: DNA template (0.1 pi), 10X transcription buffer (2 pi), 10 mM each 
(ATP, CTP, GTP and UTP) (1 pi), T7 RNA polymerase containing a 
ribonuclease Inhibitor (2pl). Finally, DEPC water was added to give 20 pi total 
volume. The reaction contents were mixed and centrifuged briefly and placed 
to incubate at 37°C for 2 h. Transcription products were analyzed by 
electrophoresis of 5 pi from each reaction mixture in a 1.2% agarose gel, in 
TBE buffer. Bands were visualized by ethidium bromide staining. Generation 
of labelled RNA probes was performed using the ECL™ direct nucleic acid 
labeling system following the same procedure described previously for the
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PCR probe synthesis. Leaf samples of infected I. n il with isolates 95-2, 95-6 
and FMV-C were homogenized in 10 x SSC (1/10 wt/vol) containing 6% 
formaldehyde and 0.1% 2-mercaptoethanol. Serial dilutions of 1/10, 1/50 and 
1/500 were spotted onto nitrocellulose membranes. Leaf samples of sweet 
potato infected with an uncharacterized strain of SPFMV and healthy sweet 
potato, /. nil and I. setosa were also included.
Membranes were baked at 80°C for 2 h. Molecular hybridization was 
performed using the ECL™ system as previously described.
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RESULTS
Host reactions. None of the virus isolates tested in this work induced 
symptoms of russet crack in I. batatas ‘Beauregard’ (Table 2). Two isolates, 
95-1 and 95-2, induced russet crack symptoms in I. batatas ‘Jersey*, and 
isolate 95-6 was associated with internal cork symptoms in /. batatas ‘Porto 
Rico’ planted in screen cages in the field. However the internal cork symptoms 
were mild and inconsistent. Some isolates caused only mild symptoms in I. nil, 
while severe symptoms of necrosis were induced in /. lacunosa. Most of the 
isolates induced mild symptoms in I. purpurea and /. alba. Four isolates, 95-1, 
95-5, 95-8 and RCNM, caused wilting in I. tricolor, while one isolate, IpA, 
induced characteristic yellow spots. Four isolates, 95-1, 95-2, 95-3 and 95-5, 
induced local lesions in C. quinoa. The symptoms of leaf distortion and crinkling 
induced by FMV-C in /. nil (Fig. 4a) were consistently observed approximately 
eight days after inoculation. The same symptoms were induced by 92-7 and 
95-2. Only four isolates, 92-9, 95-3, 95-9 and RCNM, could not be recovered 
from N. benthamiana. Mild symptoms of vein clearing and sometimes mild 
mosaic could be observed in N. benthamiana (Fig. 4b). The host range 
reactions served as criteria for selection of some isolates for further studies. 
Selected isolates included: 95-2 to represent the russet crack strain of SPFMV, 
FMV-C from North Carolina, known to be the common strain of SPFMV, and 
95-6 that could represent the causal agent of the internal cork symptoms 
observed in 'Porto Rico’.
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Table 2. Predominant symptoms induced in a range of hosts by sweet potato 
potyvirus isolates
Isolate /. batatas 
‘Jersey*
1. batatas 
‘Beauregard’
1. batatas 
‘Porto Rico’
/.
nil
/.
lacunosa
/.
purpurea
92-1 - - - Kr Ne Vc.Mo
92-7 - - - Kr Cl Vc.Mo
92-9 - - - Vc.Mo Cl Vc.Mo
95-1 Rc - - Kr Ne Vc.Mo
95-2 Rc - - Kr Ne Vc,Mo
95-3 - - - Kr Ne Vc.Mo
95-4 - - - Vc.Mo Ne Vc.Mo
95-5 - - - Kr Ne Ld.Mo
95-6 - - Ic Vc.Mo Ne Vc.Mo
95-7 - - - Vc.Mo Cl Vc.Mo
95-8 - - - Vc,Mo Ne Vc.Mo
95-9 - - - Kr Cl Ld.Mo
RCN
M
- - - Kr Ne Vc.Mo
IpA - - - Vc,Mo Cl Ld.Mo
FMV-
C
- - - Kr Cl Vc.Mo
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Table 2 continued.
Isolate /.
alba
/ .
wriqhtii
1.
tricolor
C.
quinoa
N.
benthamiana
/ .
cordatotriloba
92-1 Mm Ld.Vb Cl - Mm Vc,Mo
92-7 Mm Ld.Vb Cl - Mm Vc.Ld
92-9 Mm Ld.Vb Cl - - Vc.Mo
95-1 C,M Mm Wi LI Mm Vc.Mo
95-2 Mm Mm Cl LI Mm Vc.Mo
95-3 Mm Mm Cl LI - Vc.Mo
95-4 Mm Mm Cl - Mm Vc.Mo
95-5 C,M Ld.Vb Wi LI Mm Vc.Mo
95-6 Mm Ld,Vb Cl - Mm Vc,Mo
95-7 Mm Mm Cl - Mm Vc.Mo
95-8 Mm Mm Wi - Mm Vc,Mo
95-9 Mm Mm Cl - - Vc.Mo
RCNM Mm Mm Wi - - Vc.Mo
IpA Mm Mm Ys - Mm Vc.Mo
FMV-C Mm Ld.Vb Cl - Mm Vc.Ld
Abbreviations: Kr = Crinkling, Cl = Chlorosis, Ne = Necrosis, Vc = Vein clearing, 
Mo = Mosaic, Ld = Leaf distortion, Rc = Russet crack, Ic = Internal cork, 
Wi = wilting, Vc = Vein clearing, Vb = Vein banding, Ys = Yellow Spots, Mm = Mild 
mosaic, LI = Local lesion, ( - )  No symptom.
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Fig.4. Symptoms induced by isolate FMV-C. (A) Leaf distortion 
and crinkling in I. nil ‘Scarlet O’Hara’. (B) Mild mosaic symptoms 
in N. benthamiana.
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RT-PCR amplification. The primer pair Pot1-Pot2, amplified ail the 
isolates tested except the isolate IpA. The RT-PCR results shown in Table 3 
and on Figs. 5 and 6, represent one of a series of PCR reactions performed in 
this study. The other potyviruses, PVY or TEV, included as positive control, also 
could be amplified by PCR (Figs. 7 and 8). The estimated molecular weight (1.2 
Kb) of PVY or TEV amplified fragments was less than the 1.35 Kb molecular 
weight obtained for SPFMV virus isolates. The extra bands seen on the 
agarose gels (Figs. 5, 6 and 9), may represent nonspecific PCR product. The 
presence of prominent smears was sometimes observed on the gels when the 
Pot1 -Pot2 primers were used for PCR. The primer pair P89-Pot2 usually gave 
PCR products without smears.
RT-PCR for detection of sweet potato potyviruses: Table 3 shows the 
results of 54 RT-PCR reactions that were performed on total RNA obtained 
from plants that were infected with potyvirus isolates whose cONAs were 
previously amplified by Pot1-Pot2 and Pot2-P89 primers, except isolate IpA. 
The results of 19 reactions were negative. Healthy controls and IpA results 
were not included in the total.
Restriction analysis of amplified PCR products. Although differences in 
symptoms in host range studies were observed for some isolates, a PCR 
product of 1.35 Kb was obtained for all the isolates tested except for the IpA 
isolate. An RFLP analysis of the PCR products was performed in an attempt to 
distinguish some of the isolates by association of their biological properties with 
RFLP profiles. Following treatment of the PCR product with restriction enzymes,
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Table 3. PCR detection of sweet potato potyvirus isolates in systemically 
infected leaves of I. n il ‘Scarlet O’Hara’ and I. setosa 22 days after 
inoculation, using Pot1- Pot2 or Pot2-P89 primer pair combinations
Pot1 and Pot2 Pot2 and P89
Isolate Host Negative Positive Negative Positive
92-1 /. nil 1 1 Nt Nt
92-7 1 .nil 0 2 Nt Nt
92-9 /. nil 1 1 Nt Nt
95-1 1. nil 1 1 Nt Nt
95-2 1. nil 0 2 2 1
95-2 1. setosa Nt Nt 1 1
95-3 1. nil 0 2 Nt Nt
95-4 /. nil 1 1 Nt Nt
95-5 1. nil 1 1 Nt Nt
95-6 1. nil 0 2 0 2
95-6 1. setosa Nt Nt 1 1
95-7 1. nil 0 2 Nt Nt
95-8 1. nil 1 1 Nt Nt
95-9 I. nil 2 1 Nt Nt
RCNM 1. nil 1 1 Nt Nt
IpA (a) 1. nil 2 0 Nt Nt
FMV-C /. nil 0 2 0 3
FMV-C /. setosa Nt Nt 1 1
SPFMV w 1. batatas 3 4 2 2
Healthy
TOTAL
/. nil 4
12
0
24
1
7
0
11
(a) Not included in the total, IpA and Healthy.
(b) Uncharacterized strain of SPFMV.
Nt = Not tested.
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Fig.5. Representative agarose gel electrophoresis of Pot1-Pot2 RT- 
PCR products of sweet potato potyvirus isolates from infected I. nil 
‘Scarlet O’Hara’. Nonspecific PCR products of lower and higher 
molecular weight are also visible. Lane 1 (FMV-C), Lane 2 (92-1), 
Lane 3 (92-7), Lane 4 (92-9), Lane 5 (95-1), Lane 6 (95-2), Lane 7 
(95-3), Lane 8 (95-4), Lane 9 (95-5), Lane 10 (95-6), Lane 11 (95-8), 
Lane 12 (EcoRI, H/ndlll digest of lambda DNA ).
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Fig.6. Agarose gel electrophoresis of Pot1-Pot2 RT-PCR products of 
isolates 95-7, 95-9, RCNM, 95-2, and 95-8 from infected l.nil ‘Scarlet 
O’Hara’. Lane 1 (95-7), Lane 2 (95-9), Lane 3 (RCNM), Lane 4 (95-2), 
Lane 5 (95-8), Lane 6 (EcoRI, H/ndlll digest of Lambda DNA ).
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Fig.7. Agarose gel electrophoresis of Pot1-Pot2 RT-PCR products 
of isolates 95-2, 95-6, and FMV-C from infected I. nil ‘Scarlet 
O’Hara’ and PVY from infected pepper. Lane 1 (95-2), Lane 2 (95- 
6), Lane 3 (FMV-C), Lane 4 (PVY), Lane 5 (EcoRI, H/ndlll digest of 
Lambda DNA).
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Fig.8. Agarose gel electrophoresis of Pot1-Pot2 RT-PCR 
amplification products of TEV and PVY (1.2 Kb) from pepper, and 
isolates 95-2, 95-6 and FMV-C (1.35 Kb) from infected /. nil ‘Scarlet 
O’Hara’. Lane 1, and 2 (TEV), Lane 3 (PVY), Lane 4 (empty), Lane 
5 (95-2), Lane 6 (95-6), Lane 7 (FMV-C), Lane 8 (100 bp DNA 
Ladder, Gibco BRL).
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Fig.9. Agarose gel electrophoresis of P89-Pot2 RT-PCR products of 
isolates 95-2, 95-6, and FMV-C from total RNA extracted from I. nil 
‘Scarlet O’Hara’. Lane 1 and 2 (95-2), Lane 3 and 4 (95-6), Lane 5 and 
6 (FMV-C), Lane 7 (EcoRI, H/ndlll digest of Lambda DNA).
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the same banding pattern was observed for five isolates following treatment of 
the PCR product with Taq\ and EcoRV restriction enzymes. A similar restriction 
fragment length polymorphism also was obtained for 95-7, 95-2, 95-6 and 
FMV-C after treatment with Dcfel, but a slightly different pattern was obtained 
for 95-8 (Fig. 10).
Single-strand conformational polymorphism (SSCP) analysis of RT- 
PCR products. The Pot1 -Pot2 PCR product of seven isolates (92-1, 92-7, 
95-8, 95-2, FMV-C, 95-4, 95-6) and the PCR product of PVY were analyzed by 
SSCP also in attempt to correlate biological and molecular properties of these 
isolates. After polyacrylamide gel electrophoresis the profile obtained for the 
seven isolates was very similar (Fig. 11). A distinct banding pattern could be 
detected for PVY.
Cloning of the amplified fragments. The Pot1-Pot2 PCR product of 
isolates 95-2 and 95-6 and the P89-Pot2 PCR product of FMV-C, were chosen 
for cloning and sequencing. Based on the host range symptoms of 95-2 (local 
lesions in C. quinoa and russet crack in the cultivar Jersey) and 95-6 
associated with internal cork symptoms in ‘Porto Rico’, it was assumed these 
two isolates could represent the russet crack and internal cork strains, 
respectively. The FMV-C isolate, representing the common strain of SPFMV, 
was cloned and sequenced in North Carolina (Abad et al.,1992). During the 
screening of recombinant plasmids, it was observed that some of them 
contained fragment insertions that did not correspond to specific PCR 
products. After restriction enzyme treatment with EcoRI/BamHI, those DNA
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Fig.10. Agarose gel electrophoresis showing the restriction fragment 
length polymorphism of Pot1-Pot2 RT-PCR products of isolates 95-7, 
95-2, 95-6, FMV-C, and 95-8, digested by Dcfel restriction enzyme. Lane 
1 (95-7), Lane 2 (95-2), Lane 3 (95-6), Lane 4 (FMV-C), Lane 5 (95-8), 
Lane 6 (100 bp DNA Ladder, Gibco BRL).
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Fig. 11. Polyacrylamide gel electrophoresis (10%) of SSCP patterns given 
by Pot1-Pot2 RT-PCR products from total RNA extracted from I. nil ‘Scarlet 
O’Hara’ infected with isolates 92-1, 92-7, 95-8, 95-2, FMV-C, 95-4, and 95- 
6 and from pepper infected with PVY. Lane 1 (92-1), Lane 2 (92-7), Lane 3 
(95-8), Lane 4 (95-2), Lane 5 (FMV-C), Lane 6 (95-4), Lane 7 (95-6), Lane 
8 (PVY).
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fragments could be detected on agarose gels. Sometimes their molecular 
weight exactly matched with the expected molecular weight for the viral specific 
PCR product. However, by Southern blot hybridization using PCR product or 
95-2 cDNA as a probe, only those plasmids that hybridized to viral cDNA were 
chosen for sequencing (Figs. 12, 13 and 14). One 95-6 and one FMV-C clone 
were sequenced and two clones containing each, part of the isolate 95-2 RT- 
PCR product cut with EcoRI/BamHI before cloning. The 95-2 DNA fragments 
were cloned into pBluescript by sticky end ligation generating clones 3 and 31 
containing this PCR product. The clone L8 that contains the complete Pot1- 
Pot2 PCR product for the 95-6 isolate was cloned by blunt-end ligation directly 
into the EcoRV restriction site of pBluescript. The clone F7 containing the P89- 
Pot2 PCR amplified fragment for the isolate FMV-C was cloned into the pGEM 
vector by ligation of T and A DNA bases.
Sequence analysis o f the 95-2, 95-6 and FMV-C PCR products. Part of 
the Nib and part of the CP gene of potyviruses is amplified by PCR when Pot1 
and Pot2 primers are used. The P89 and Pot2 primer combination also 
amplifies the untranslated region (UTR), coat protein, and part of the Nib 
region of the potyvirus genome (Fig. 3). Analysis of the cloned sequences from 
95-2 revealed that clone 3 contained part of the Nib gene and clone 31 
contained part of the coat protein region. Both sequences were aligned (Fig. 15) 
by using the SPFMV-S published sequence (Sakai ef a/.,1997) as a reference.
The predicted amino acid sequence for the underlined nucleotides on Fig. 
15,16 and 17 was obtained using the DNaid + program (Frederic Dardel,
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Fig.12. Isolate 95-2 recombinant plasmid screening. (A) Agarose gel 
electrophoresis of EcoRI, BamH\ recombinant plasmid miniprep treatment. 
(B) Southern blot DNA hybridization of the gel. Probe was prepared by 
direct labelling of 95-2 RT-PCR product. Lanes 1, 2, 4, and 5 (nonspecific 
clones), Lane 3 (95-2 PCR product), Lane 6 (clone 3), Lane 7 (clone 31), 
Lane 8 (EcoRI, H/ndlll digest of Lambda DNA).
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Fig.13. Isolate 95-6 recombinant plasmid screening. (A) Agarose gel 
electrophoresis of EcoRI, BamHI recombinant plasmid miniprep treatment. 
(B) Southern blot DNA hybridization of the gel. Probe was prepared by 
direct labelling of 95-6 RT-PCR product. Lane 1 (nonspecific clone), Lane 2 
(95-2 clone 3), Lanes 3 and 4 (95-6 clone L8), Lane 5 (pBluescript cut), 
Lane 6 (pBluescript uncut), Lane 7 (95-6 2Kb-PCR product), Lane 8 
(EcoRI, H/ndlll digest of Lambda DNA).
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Fig.14. Isolate FMV-C recombinant plasmid screening. (A) Agarose gel 
electrophoresis of Psfl, Sadi restriction enzyme treatment of recombinant 
plasmid minipreps. (B) Southern blot DNA hybridization of the gel. Lane 1 
(pBluescript uncut), Lane 2 (95-2 clone 31), Lane 3 (FMV-C 2Kb PCR 
product), Lane 4 (Clone F7, Psfl.Sadl treated), Lane 5 (Clone F7 uncut), 
Lane 6 (pGEM plasmid vector), Lane 7 (DNA Ladder). Probe was prepared by 
direct labelling the PCR cloned fragment of 95-2 clone 31 after being cut out 
by EcoRI, BamHI restriction enzymes.
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AATTCATGGAAGAATGGGACATAGGTGACCAAATGCTCCGAAATTTGTACACAGA 55
GATTGTATATACGCCGAI I I IAACACCAGATGGAACCATAGTGAAGAAGTTCAAA 110
GGAAATAACAGTGGGCAACCATCAACTGTCGTGGACAATACACTAATGGTTGTGT 165
TAGCCGTCTACTATACGTTGTTGAAGTTGGGTGTTTCAGAATTTGAGATTAGTGA 220
GCGGTGTGTATTCTTTGCAAATGGGGATGATCTACTGATAGCTATGAGACCAGAC 275
ACAGCTCATCTTTTGGATAACTTTAGCGAGTGCTTTGCTGAGCTTGGGCTCAACT 330
ATGACTTCTCATCGAGAACAACTAAGAAAGAGGAATTATGGTTCATGTCCCACTG 385
TGGAATTAAAAGAGATGGAATATACATTCCCAAACTCGAGCTTGAACGAATAGTA 440
TCTATTCTTGAATGGGATAGATCACATGAGCCTATACATAGGCTCGAAGCAATTT 495
GCGCTGCAATGGTAGAGGCGTGGGGCTATGACGAACTTCTCCACCAAATTAGAAA 550
ATTTTACGCATGGGI I I I GGGACAAGCACCATACAGTGAACTAGCACGAACTGGA 605
AAAGCTCCATACATTGCTGAGACTGCACTTAAATCACTGTACACTGGAGTGCAAC 660
CCAGCGCTGACGATCTCAGCGAGTACACACGTGTTCTTAACGAGATGTATGATGA 715
TAGTCTCTTTCAAGACAATGAGCTATCGGTGTATCATCAATCTGGCGACCCCCTT 770
GAATTTAAAGATGCAGGTGCAAACCCACCAGCACCAAAACCAAAAGGGGCATTTA 825
CAGCACCAGAAATCACAGAGGTTACTGATCCGGAAGACCCAAAGCAGGCAGCTTT 880
GAGAGCTGCACGAGCTAAGCAACCCGCAACCATTCCAGAATCATATGGACGAGAC 935
ACTAGCAAGGAGAAGGAATCAATAGTGGGGGCATCATCAAAGGGTGTGAAGGATA 990
AAGATGTGAACGTTGGTACAGTTGGTACGTTTGTCGTGCCACGTGTTAAGATGAA 1045
TGCAAACAAGAAAAGGCAACCAATGGTAAATGGAAGGGCCATTATAAATTTCCAA 1100
CACTTGTCAACATATGAGCCAGAGCAGTTTGAGGTTGCAAACACCCGGTCGACTC 1155
AAGAGCAGTTTCAAGCATGGTATGAAGGAGTGAAAGGGGACTATGGTGTTGACGAT 1210
TACAGGAATGGGGATCTTATTGAATGGATTAATGGTCTGGTGCATCGACAATGG 1264
Fig. 15. Sequence of the isolate 95-2 Pot1-Pot2 RT-PCR amplified fragment. The 
predicted amino acid sequences deduced from the underlined nucleotides are: 
(120-152) SGQPSTWDNT, (243-251) GDD, (744-758) VYHQS, (780-788) DAG.
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TGTGATGCGGATGGCTCGCAATTTGACAGTTCTCTGTCACCATATCTTATTAATG 55
CTGTCCTTAATATACGGAGAGAATTCATGGAAGAATGGGACATAGGTGACCAAAT 110
GCTCCGAAATTTGTACACAGTGATTGTGTATACGCCGAI N  1AACACCAGATGGA 165
ACCATAGTGAAGAAGTTCAAAGGAAATAACAGTGGGCAACCATCAACCGTCGTGG 220
ACAATACACTAATGGTTGTGTTAGCCGTCTACTATACGTTGTTGAAGTTGGGTGT 275
TTCAGAATTTGAGATTAGCGAGCGGTGTGTATTCTTTGCAAATGGGGATGATCTA 330
CTGATAGCTATGAGACCAGACACAGCTCATCTTTTGGATAACTTTAGCGAGTGCT 385
TTGCTGAGCTTGGGCTTAACTATGACTTCTCATCGAGGACAACTAAGAAAGAGGA 440
ATTATGGTTCATGTCCCACTGTGGAATCAAAAGAGATGGAATATACATTCCCAAA 495
CTCGAGCCTGAACGAATAGTATCTATTCTTGAATGGGATAGATCACATGAGCCTA 550
TACATAGGCTGGAAGCAATTTGCGCTGCAATGGTAGAGGCGTGGGGCTATGATGA 605
ACTCCTCCACCAAATCAGAAAATTTTATGCATGGGTTTTGGGACAAGCACCATAC 660
AGTGAACTAGCACGAACTGGAAAAGCTCCATATATTGCTGAGACTGCACTTAAAT 715
CACTGTATACTGGAGTGCAACCCAGCGCTGACGATCTCAGCGAGTACACACGTGT 770
CCTTAACGAGATGTATGATGATAGTCTCCTTCAAGACAATGAGCTATCGGTGTAT 825
CATCAATCTGGTGACCCCCCTGAATTTAAAGATGCAGGTGCAAACCCACCAGCAC 880
CAAAACCAAAAGGGGCATTTACAGCACCAGAAATCACAGAGGTTACTGATCCGGA 935
GGATCCCAAACAAGCTGCGCTTCGCGAAGCTAGACAGAAACAACCTGCTGTCACA 990
CCCGAGTCATACGGTAGAGACACAGGTGAGGAATCTATGCGCTCTGTTACACCAC 1045
AAAGGGTGAAAGACAAGGATGTTAACGTTGGTACGACAGGCACATTTGTGGTTCC 1100
GCGAGTTAAGCTCCATACTGGCGAAATGCGCCAACCTAGAGTCAATGGAATCTCT 1155
GTAGTTAACTTACAGCATCTCGCAACTTATGAACCTGAGCAACATAACATTGGGA 1210
ATACACGCTCAACTCAGGAACAGTTTCGAGCATGGTATGAAGGTGTTAAGGGTGA 1265
TTATGGCGTTGATGATGCTGGGATGGCAATCTTTGTTGAATGGATTGATGGTATG 1320
GTGCATAGACAATGG 1335
Fig. 16. Sequence of the isolate 95-6 Pot1-Pot2 RT-PCR amplified fragment. The 
predicted amino acid sequences deduced from the underlined nucleotides are: 
(196-228) SGQPSTWDNT, (319-327) GDD, (820-834) VYHQS, (856-864) DAG.
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ATGTGATGCCGATGGCTCGCAATTTGACAGTTCTCTGTCACCATATCTTATTAATG 55
CTGTCCTCAATATACGGAGAGAATTCATGGAAGAATGGGACATAGGTGACCAAAT 110
GCTCCGAAATTTGTACACAGAGATTGTATATACGCCGAIFI TAACACCAGATGGA 165
ACCATAGTGAAGAAGTTCAAAGGAAATAACAGTGGGCAACCATCAACCGTCGTGG 220
ACAATACACTAATGGTTGTGTTAGCCGTCCACTATACGTTATTGAAGTTGGGTGT 275
TTCAGAATTTGAGATTAGTGAGCGGTGTGTATTCTTTGCAAATGGGGATGATCTA 330
CTGATAGCTATGAGACCAGACACAGCTCATCTTTTGGATAACTTTAGCGAGTGCT 385
TTGCTGAGCTT GGGCTTAACTATGACTT CTCATCGAGGACAACTAAGAAAGAGGA 440
ATTATGGTTCATGTCCCACTGTGGAATTAAAAGAGATGGAATATACATTCCCAAA 495
CTCGAGCCTGAACGAATAGTATCTATTCTTGAATGGGATAGATCACATGAGCCTA 550
TACATAGGCTCGAAGCAATTTGCGCTCCAATGGTAGAGGCGTGGGGCTATGACGA 605
ACTTCT CC ACCAAATTAGGAAATTT 630
B
AAGCGTATATAGAAATGAGAAATCGCACCAAGGCATATATGCCTAGGTATGGATT 55
AACAACGTAACTTGACTGATATGAGTCTTGCGCGATATGCATTTGATTTCTATGAG 110
CTGCACTCAACAACACCTGCACGTGCTAGAGAAGCACACATGCAGATGAAAGCAG 165
CTGCACTTAAGAATGCGCATAATCGGTTGTTTGGTTTGGACGGAAACGTCTCCAC 220
GCAAGAAGAAGATACGGAGAGGCACACGACAACTGATGTTCATAGAAATATACAT 275
A ACCTCTTAGGAATGAGGGGTGTGCAATAGGACATCCTCTGCACTGTAGCTTATA 330
CTTATGTTATCTTTAGTATGCCTTTAATTTAAATTCGTGTCTTTCAGTCCCGAAG 385
GAGATGGTTGAATGCATAACATGGTGGGATTATATCTCGGTTATTGCATTTGAGA 440
AGTCGCCTTTCTATTACGTATCATAAGGGACTCTTAAAAGTGAGGAGTACCTCGT 495
AAGAAAAGCCI I I I I GGTTCGTGATCGAGCC d o Iv  A 526
Fig.17. Partial sequence of the isolate FMV-C Pot2-P89 RT-PCR amplified 
fragment. A) Nuclear inclusion b. B) Partial sequence of the 3’ coat protein 
gene and the untranslated region. The underlined nucleotides (496-501) 
represent a potential polyadenylation signal. The predicted amino acid 
sequences deduced from the underlined nucleotides are: (196-228) 
SGQPSTWDNT, (319-327) GDD.
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Laboratorie de Biochimie, Cedex, France). By comparison to the proteinase 
cleavage site sequence of other SPFMV (Colinet & Kummert, 1993 and Abad et 
a/., 1992), the putative hydrolytic cleavage site VYHQ/S (glutamine/serine) 
between Nib and CP was predicted at position 744 to 758 for isolate 95-2 
sequence (Fig. 15) and at position 820 to 834 for isolate 95-6 (Fig. 16). The 
sequence of isolate FMV-C RT-PCR product was not completed, for this reason 
the nucleotide sequence that contains this domain is missing. However, the 
consensus motif (S,T)G-3X-T-3X-N(S,T) and GDD, responsible for the putative 
RNA polymerase function of potyviruses (Allison et aL, 1986; Domier et aL, 
1987; Kamer & Agros, 1984; Poch et a!., 1989, and Koonin, 1991) also were 
present in FMV-C at positions 196-228 and 319-327 (Fig. 17a). These domains 
also were present in the 95-2 sequence at positions 120-152 and 243-251 (Fig. 
15) and in 95-6 at positions 196-228 and 319-327 (Fig. 16). The DAG box, 
which has been shown to be involved in aphid transmission (Atreya e ta i,  1990; 
1991; 1995), was located at position 780-788 for 95-2 (Fig.15) and at position 
856-864 for 95-6 (Fig.16). For FMV-C this domain is included in the region not 
sequenced. However, the domain AAGAAA putative polyadenylation signal 
found at 26 positions before the poly A track (Abad et aL, 1992), is present at 
the same position (496-501) for isolate FMV-C sequence (Fig. 17b). Analysis of 
95-6 isolate sequence showed the presence of an extra fragment of 465 bp that 
was ligated with the 2.0 Kb specific PCR product (Fig.18). Both fragments were 
cloned into the pBluescript plasmid generating the clone L8. Comparison of the 
465 bp fragment sequence with those deposited in the GeneBank, did not
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ATCCAGTCATTGACGAATTCTGTGACGCGGATGGCTCCAGTCTGGTGCATTGACA 55
ATGGATCCAGTCAACGAATTCTGTGATGCGGATGGTTTATCGACAATTGATCCAG 110
TTGACGAATTCTGTGACGCCGATGGCTCTGGTGCATTGACAATGGATCCAGTCAT 165
TGACGAATTCTGCGACGCTGATGGTGCATCGACAATGGATCCAGTCATTGACGAA 220
TTCTGTGACGCGGATGGCTCCAGTCTGGTGCATCGACAATGGATCCAGTCACTGG 275
TGCTGACGAATTCTGTGATGCGGATGGTGCATAGACAATGGATCCAGTCACTGAC 330
GAATTCTGTGACGCTGATGGCTCTGGTGCATCGACAATGGATCCAGTCATTGACG 385
AATTCTGTGATGCCGATGGTTCAGTCACTGACGAATTCTGCGACGCGGATGGCTC 440
TGGTGCATCGACAATGGATCCAGTC 465
Fig.18. Sequence of the 465 bp nonspecific PCR product cloned with the isolate 
95-6 Pot1-Pot2 RT-PCR amplified fragment.
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reveal any significant homology with published plant viral sequences (Fig.18, 
Table 4)
Percentage of nucleotide sequence identity of isolates 95-2, 95-6 and 
FMV-C compared to other sweet potato potyviruses. The 5’ coat protein 
gene of isolate 95-2 shared 97% homology with SPFMV-RC, SPFMV-S and 
SPFMV-K1, while the 3’ Nib gene shared aproximately 80% homology with 
SPFMV-CH, SPFMV-O and SPFMV-S (Tables 5, 6). At the present time, the 
SPFMV-RC Nib sequence is not available. The 5’ coat protein gene of 95-6 
shared 95% homology with the SPFMV-C and 96% homology with the SPFMV- 
CH2, while at the 3’ Nib gene level it shared aproximately 80% homology with 
SPFMV-CH, SPFMV-O and SPFMV-S (Tables 7,8). For SPFMV-C sequence, 
information for the Nib region is not available (Abad et al., 1992). The 
nucleotide sequence of isolate FMV-C for the 3’ coat protein region and UTR 
shared 99% homology with SPFMV-C and around 90% with other SPFMV 
strains (Table 9). For the 3’ Nib, FMV-C sequence shared about 80% homology 
with SPFMV-S, SPFMV-CH and SPFMV-O (Table 10).
Detection of 95-2, 95-6 and FMV-C isolates by indirect ELISA. A 
potyvirus monoclonal ELISA was used to detect three isolates of SPFMV. There 
were 3 wells containing infected samples which gave negative results (numbers 
in bold in Tablel 1), but overall, this test was efficient to detect the three SPFMV 
isolates even at dilutions of 1:50 and 1:500.
Detection of 95-2, 95-6 and FMV-C isolates by in vitro-transcribed 
RNA probes. RNA probes were produced by in vitro transcription of cDNA
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Table 4. Percentage of nucleotide sequence identity of the nonspecific PCR 
product cloned with the isolate 95-6 PCR amplified fragment. A 465 bp 
nonspecific sequence was compared to other sequences deposited in the 
GeneBank(a)
Sequence from the GeneBank Identities® %ldentity(c) GeneBank
accessions
Denque virus 3 membrane protein 20/20 100 L11432
C. elegans cosmid F42H10 
Sugarcane mosaic virus strain D 
polyprotein mRNA
22/23
18/18
95
100
L08403
U57356
Sugarcane mosaic virus Nib 18/18 100 U84579
Dasheen mosaic potyvirus capsid 
protein gene 18/18 100 U00122
Ceratobium mosaic potyvirus 
strain CerMv-18 Nib gene 18/18 100 AF022445
Ceratobium mosaic potyvirus 
strain CerMv-1 Nib gene 18/18 100 AF022443
Ceratobium mosaic potyvirus 
strain CerMv-6 Nib gene 18/18 100 AF022444
(a) Query = number of nucleotides entered in the BLASTN 2.0.4 program.
(b) Number of identical nucleotides / number of nucleotides in the homologous region.
(c) Percentage of identical nucleotides in the homologous region.
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Table 5. Percentage of nucleotide sequence identity of isolate 95-2 5’coat
protein gene compared to other sweet potato potyvirus sequences. A
510 bp sequence was compared to other sequences in GeneBank(a>
Virus Identities (b) % Identity(c) GeneBank accessions
SPFMV-K1 412/422 97 AF015540 (Ryu, 1998)
SPFMV-S 411/422 97 D86371 (Sakai, 1997)
SPFMV-RC 410/422 97 S43450 (Abad, 1992)
SPFMV-K2 382/422 90 AF015541 (Ryu, 1998)
SPFMV-O 398/446 89 D16664 (Mori, 1994)
SPFMV-CH 367/414 88 Z98942 (Colinet, 1998)
SPFMV-5 346/401 86 U96624 (Alvarez, 
1997)
SPFMV-CH2 178/198 89 Z83315 (Colinet, 1997)
SPFMV-C 208/241 86 S43451 (Abad, 1992)
SPFMV-6 183/212 86 U96625 (Alvarez, 
1997)
(a) Query = number of nucleotides entered in the BLASTN 2.0.4 program.
(b) Number of identical nucleotides /  number of nucleotides in the homologous region.
(c) Percentage of identical nucleotides in the homologous region.
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Table 6. Percentage of nucleotide sequence identity of isolate 95-2 3’Nlb
gene compared to other sweet potato potyvirus sequences. A 753 bp
sequence was compared to other sequences in GeneBank(a)
Virus Identities (b) % Identity(c) GeneBank accessions
SPFMV-CH 416/502 83 Z98942 (Colinet, 1998)
SPFMV-O 411/502 82 D16664 (Mori, 1994)
SPFMV-S 492/604 81 D86371 (Sakai, 1997)
(a) Query = number of nucleotides entered in the BLASTN 2.0.4 program.
(b) Number of identical nucleotides / number of nucleotides in the homologous region.
(c) Percentage of identical nucleotides in the homologous region.
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Table 7. Percentage of nucleotide sequence identity of isolate 95-6 5’coat
protein gene compared to other sweet potato potyvirus sequences. A
506 bp sequence was compared to other sequences in GeneBank(a>
Virus Identities ^ % Identity(c) GeneBank accessions
SPFMV-CH2 487/505 96 Z83315 (Colinet, 1997)
SPFMV-C 478/500 95 S43451 (Abad, 1992)
SPFMV-6 452/499 90 U96625 (Alvarez, 1997)
SPFMV-K1 94/114 82 AF015540 (Ryu, 1998)
SPFMV-RC 94/114 82 S43450 (Abad, 1992)
SPFMV-S 93/114 81 D86371 (Sakai, 1997)
(a) Query = number of nucleotides entered in the BLASTN 2.0.4 program.
(b) Number of identical nucleotides /  number of nucleotides in the homologous region.
(c) Percentage of identical nucleotides in the homologous region.
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Table 8. Percentage of nucleotide sequence identity of isolate 95-6 3’Nlb
gene compared to other sweet potato potyvirus sequences. A 830 bp
sequence was compared to other sequences in GeneBank(a>
Virus Identities (b) % Identity (c) GeneBank accessions
SPFMV-CH 413/502 82 S69825 (Colinet, 1994)
SPFMV-O 379/463 81 D16664 (Mori, 1994)
SPFMV-S 576/709 81 D86371 (Sakai, 1997)
(a) Query = number of nucleotides entered in the BLASTN 2.0.4 program.
(b) Number of identical nucleotides /  number of nucleotides in the homologous region.
(c) Percentage of identical nucleotides in the homologous region.
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Table 9. Percentage of nucleotide sequence identity of FMV-C 3’coat 
protein region and untranslated region, compared to other sweet potato 
potyvirus sequences. A 559 bp sequence was compared to other 
sequences in GeneBank(a)
Virus Identities ^ % identity(c) GeneBank accessions
SPFMV-C 525/529 99 S43451 (Abad, 1992)
SPFMV-S 500/529 94 D86371 (Sakai, 1997)
SPFMV-O 500/529 94 D16664 (Mori, 1994)
SPFMV-5 501/531 94 U96624 (Alvarez, 1977)
SPFMV-K1 511/540 95 AF015540, AF031637 
(Ryu, 1998)
SPFMV-K2 509/540 94 AF015541, AF03111638 
(Ryu, 1998)
SPFMV-RC 495/529 93 S43450 (Abad, 1992)
SPFMV-CH 493/530 93 S69825 (Colinet, 1994)
SPFMV-CH2 376/398 94 Z98942 (Colinet, 1998)
SPFMV-6 358/387 92 U96625 (Alvarez, 1997)
SPVG 343/385 89 X76944 (Colinet, 1994)
SPVG-CH2 244/274 84 Z83314 (Colinet, 1998)
(a) Query = number of nucleotides entered in the BLASTN 2.0.4 program.
(b) Number of identical nucleotides /  number of nucleotides in the homologous region.
(c) Percentage of identical nucleotides in the homologous region.
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Table 10. Percentage of nucleotide sequence identity of isolate FMV-C
3’ Nib gene compared to other sweet potato potyvirus sequences. A
630 bp sequence was compared to other sequences in GeneBank(a)
Virus Identities (b) % identity (c) GeneBank accessions
SPFMV-S 450/562 80 D86371 (Sakai, 1997)
SPFMV-CH 326/394 83 S69825 (Colinet, 1994)
SPFMV-0 285/346 82 D16664 (Mori, 1994)
(a) Query = number of nucleotides entered in the BLASTN 2.0.4 program.
(b) Number of identical nucleotides /  number of nucleotides in the homologous region.
(c) Percentage of identical nucleotides in the homologous region.
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Table 11. Absorbance values for Indirect ELISA assays of isolates 95-2, 95-6 and 
FMV-C, in systemically infected leaves of I. nil ‘Scarlet O’Hara’ and I. setosa, 22 days 
after inoculation, using potyvirus monoclonal antibodies(a>
Absorbance readings at different sap dilutions ^
Experiment 1 Experiment 2
Host Isolate 1/10 1/50 1/500 1/10 1/50 1/500
I. nil 95-2 0.149 0.168 0.059 0.147 0.152 0.115
I. setosa 95-2 0.825 1.060 0.606 0.431 0.821 0.464
I. nil 95-6 0.309 0.629 0.250 0.254 0.650 0.210
I. setosa 95-6 0.399 0.958 0.325 0.405 0.101 0.236
I. nil FMV-C 0.121 0.710 0.265 0.159 0.735 0.243
I. setosa FMV-C 0.625 1.290 0.472 0.521 0.111 0.447
I. batatas SPFMV (c) 0.731 0.711 0.133 0.809 0.853 0.160
Absorbance readings multiplied by 2
Healthy 0.128 0.108 0.105 0.086 0.074 0.062
I. nil
Healthy 0.196 0.100 0.106 0.306 0.136 0.130
/. setosa
Healthy 0.098 0.114 0.099 0.078 0.090 0.060
I. batatas
(a) Plant tissue was quick-frozen in liquid N then ground with indirect sample extraction 
buffer (100 mg/1 ml).
(b) Mean of four readings for a combined sample from two plants. Absorbance (A405) was 
recorded after 30 min. Values were regarded as positive if they were higher than those of the 
healthy controls multiplied by 2.
(c) Sweet potatoes were grafted with scions infected with uncharacterized strains of SPFMV.
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cloned fragments from the 95-2 isolate (Fig. 19). However, the labelling of the 
RNA transcripts, hybridization and detection stages were generally not 
successful. Only one hybridization experiment gave promising results that are 
shown on Figure 20. The hybridization of healthy sweet potato samples 
suggests some problems with the riboprobe system resulting in nonspecific 
hybridization or contamination. The riboprobe hybridized with greater efficiency 
to the homologous 95-2 samples.
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1 2 3
Fig. 19. Agarose gel electrophoresis of in vitro RNA transcription of 
isolate 95-2 clones 3 and 31. Lanes 1 and 2, isolate 95-2 cloned 
cDNA templates and RNA transcripts, lane 3 DNA ladder. (A) 
Linearized plasmids after EcoRV restriction enzyme treatment. 
(B) Upper band clone 3 RNA transcript, lower band clone 31 RNA 
transcript.
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Fig.20. Dot blot hybridization detection of isolates 95-2, 95-6 and FMV-C RNAs . 
Blots were probed with a riboprobe made for isolate 95-2.
A) 95-2 (1) I. setosa (1/10) , (2) (1/50) , (3) (1/500) , (4) I. nil (1/10) , (5) 
(1/50) , (6) (1/500), (7) I. setosa (healthy), (8) /. nil (healthy), (9) sweet potato 
(healthy), (10) sweet potato (healthy).
B) 95-6 (1)/. setosa (1/10), (2) (1/50), (3) (1/500), (4)/. nil (1/10), (5) (1/50), 
(6) (1/500), (7) I. setosa (healthy), (8) I. nil (healthy), (9) sweet potato 
(healthy), (10) sweet potato (healthy).
C) FMV-C (1) I. setosa (1/10), (2) (1/50), (3) (1/500), (4) I. nil (1/10), (5) (1/50),
(6) (1/500), (7) /. setosa (healthy), (8) I. nil (healthy), (9) /. nil (healthy), (10) /. nil 
(healthy).
D) SPFMV (1) sweet potato (1/10), (2) (1/50), (3) (1/500) (4-10) I. nil (healthy).
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DISCUSSION
Ten out 15 of the potyvirus isolates included in this study originated from /. 
batatas ‘Beauregard’ showing russet crack (RC) symptoms. However, attempts 
to experimentally reproduce the RC symptoms in ‘Beauregard’ were 
unsuccessful. Some explanations could be changes in viral host range 
characteristics caused by repeated passages through /. nil, genetic differences 
in the cultivar, environmental conditions, low virus titer or irregular distribution in 
the source of inoculum. Moreover, the virus isolates inoculated in ‘Beauregard’ 
were obtained by single aphid probe, which excludes the possible detection of a 
different type of transmitted agent that could be associated with russet crack 
symptoms. It also is possible that russet crack is caused in ‘Beauregard’ by a 
different strain of SPFMV, or even an entirely different virus from the 
SPFMV-RC that causes russet crack in ‘Jersey*.
Host range and symptomatology results suggested that except IpA, these 
isolates were SPFMV strains and not other aphid-transmitted potyviruses. Four 
isolates (95-1, 95-2, 95-3 and 95-5) induced diagnostic local lesions in C. 
quinoa. Isolates 95-1 and 95-2 also induced RC in ‘Jersey*. The cultivar Jersey 
and Chenopodium spp. are reported to be differential hosts of RC inducing 
strains of SPFMV (Cali & Moyer, 1981), therefore 95-1 and 95-2 were 
considered to be RC inducing strains. Necrotic symptoms in /. lacunosa, were 
obtained for nine isolates, including 95-2 and 95-6. Symptoms induced by the 
isolates in other Ipomea spp. were not valuable for differentiation. Nine isolates
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were recovered by back inoculations onto I. n il from N. benthamiana. 
Symptoms on N. benthamiana (mild mosaic) were very inconsistent and the 
plants often appeared symptomless. The RC and common strains of SPFMV 
have not been reported to infect N. tabacum (Hammond et al., 1992; Moyer et 
a!., 1980). However, SPFMV-835, from Peru, has been reported to induce 
mosaic, rugosity and leaf deformation in N. benthamiana (Moyer, 1986) and a 
strain of SPFMV from Zimbabwe was reported to cause vein-clearing on the 
same host (Chavi et al., 1997). Other viruses of sweet potato (SPMMV and 
SPLV) induce vein clearing symptoms in N. benthamiana; however, they have a 
wider experimental host range than SPFMV (Brunt et al., 1990).
Only one isolate, 95-6, was associated with sweet potato showing internal 
cork symptoms. Sweet potato internal cork is thought to be induced by SPFMV 
(Clark & Moyer, 1988); however, the viral etiology of this disease has not been 
confirmed. Cadena-Hinojosa & Campbell (1981) reported that foliar symptoms 
induced by an internal cork associated virus on Ipomoea spp. had the same 
appearance as did those caused by other SPFMV isolates. However, the few 
small lesions that were found in roots of ‘Porto Rico’ were not sufficient to 
prove that internal cork was caused by any of the tested SPFMV isolates.
Disappearance of symptoms and recovery of symptomatic I. nil was 
noticed in most of the infected plants. This also was observed in sweet potatoes 
in the field and is cited as a major factor for virus spread through apparently 
healthy storage roots (Beetham & Mason, 1992). Proteolytic modification of 
virions could be one possible explanation to account for recovery from infection
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(Salomon, 1989). The protruding N- and C- terminal regions, necessary for viral 
long distance movement, are more susceptible to proteases then the core CP 
region (Shukla et al., 1994). However reappearance of symptoms in old I. nil 
plants apparently recovered from infection could be noticed after pruning and 
growth of new leaves.
The RNA extraction protocols described in this investigation were 
adequate for the RT-PCR reactions. Method 2 and the combination of methods 
1 and 2 apparently alleviated some of the effects of inhibitory substances. Also, 
these methods provided a fast extraction process for total nucleic acid isolation. 
However, RT-PCR reactions were not consistent. Possibly some enzymatic 
inhibitors found in Ipomoea spp. were not always completely removed; this 
appears to be a drawback of PCR for routine diagnosis of sweet potato viruses. 
The main limiting factor in the use of the PCR technique in routine diagnosis 
lies in the preparation of good quality nucleic acid, free of PCR inhibitors 
(Mackenzie et al., 1997). Most standard nucleic acid extraction procedures do 
not remove contaminating plant polysaccharides or polyphenolic compounds, 
which can have direct inhibitory effects on subsequent PCR amplification 
(Demeke & Adams, 1992; Henson & French, 1993). Since sweet potato tissues 
are considered to have particularly large concentrations of theses substances, 
PCR-based assays may prove more difficult with this host than with other 
plants.
The primers Pot1-Pot2 amplified part of the CP and part of the Nib gene of 
14 isolates of sweet potato potyviruses producing similar DNA fragments of
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approximately 1.35 Kb. PCR products were not detected for the isolate IpA in 
agarose gels. Further studies are necessary to elucidate the identity of this 
isolate in order to confirm its taxonomic position among other sweet potato 
viruses. Some isolates, were chosen for further studies, based on their distinct 
biological properties. Electrophoretic analysis of restriction digests carried out 
on the amplified PCR products of five isolates did not reveal polymorphisms. 
Isolate 95-8 could be differentiated by digestion with DdeI (Fig. 10); however; 
there was no correlation between the RFLP of this isolate, and the known 
biological properties of this isolate. Using a greater range of restriction enzymes 
and also a combination of primers other than Pot1-Pot2 to prime the 
amplification of genomic regions, it might be possible to distinguish strains of 
SPFMV.
Analysis of RT-PCR products of seven isolates by SSCP, did not reveal 
genomic differences correlated with biological properties of the isolates. These 
observations confirm those made by others that the effect of nucleotide 
changes on electrophoretic mobility is difficult to predict and that some 
sequence changes may not appreciably affect the mobility (Orita et al., 1989). 
The factor that has the greatest effect on SSCP sensitivity is the size of the 
DNA fragment (Hayashi, 1991). In this study, PCR products of 1.35 Kb were 
analyzed. However, there are reports that an optimal size is 200 bp or less. 
Fragments of this size are sensitive for the detection of single-base substitution 
(Spinardi et al., 1991). As the DNA fragment increases in length, the sensitivity 
of the SSCP analysis decreases. While SPFMV and PVY were distinguished by
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SSCP, greater sensitivity may be needed to differentiate strains of the same 
virus.
The sequencing of the 5’-terminal region of the coat protein coding region 
of 95-2 and 95-6 and their 3’-terminal Nib region, revealed the presence of 
putative conserved domains for potyvirus RNA polymerase, coat protein 
cleavage and DAG box for aphid transmission. These results confirmed the 
original serological and host range tests for potyvirus identification. Shukla & 
Ward (1988) and Ward et al. (1992) have demonstrated that coat protein gene 
sequence data can be used to provide a hierarchical classification of 
potyviruses. Strains of the same virus exhibited sequence identities from 90 to 
99%, whereas distinct viruses of the group exhibited sequence identities from 
38 to 71%. This criteria has been the basis for dendrograms used to 
demonstrate relationships between sweet potato potyviruses allowing rapid 
assessment of virus taxonomic status (Colinet et al., 1998; Ryu et al., 1998). 
Coat protein sequence analysis supported the assignment of SPMMV to a 
distinct genus of the Potyviridae (Colinet etal., 1996). Despite strong similarities 
in terms of structure and organization of the genome and homologies in the 
putative RNA polymerase; limited coat protein sequence identity with 
potyviruses, bymoviruses and rymoviruses allowed the assignment of SPMMV 
to the genus ipomovirus (Colinet etal., 1996). The same criterion also was used 
to compare sweet potato mild-speckling virus with other potyviruses, revealing a 
degree of homology (68 to 73%) which is in the range of distinct potyviruses 
(Alvarez et al., 1977). In the present study, the analysis of the nucleotide
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sequence of the coat protein coding region revealed a high degree of homology 
between isolates 95-2 and SPFMV-RC (97%) and between 95-6 and SPFMV-C 
(95%). This suggests that 95-2 and 95-6 are distinct strains of SPFMV, and 
therefore they were designated SPFMV-952 and SPFMV-956. Only one clone 
of each isolate was sequenced in this study, thus minor nucleotide 
misincorporations by Taq DNA polymerase are not surprising. Sequencing 
other clones probably will not change the determination of these strains, which 
also are supported by host range symptoms. The sequencing data obtained 
here permitted the comparison of SPFMV-952 and SPFMV-956 with other 
sequenced coat protein coding regions of sweet potato potyviruses (Table 12). 
The sequence homology and the symptoms induced in ‘Jersey* and C. quinoa 
by SPFMV-952 supports grouping this strain with SPFMV-RC. The host 
reactions induced by SPFMV-956, indicated this strain is closed related to 
SPFMV-C and the sequence data supported to include SPFMV-956 in the 
same subgroup as SPFMV-C. The high homology (99%) between the sequence 
of isolate FMV-C obtained in this work, with a previously reported sequence of 
this virus from North Carolina (Abad etal., 1992) was expected since the same 
strain was used.
The indirect-ELISA protocol was mostly successful in detecting SPFMV-C, 
SPFMV-956 and SPFMV-952 in extracts from symptomatic I. setosa and I. nil 
‘Scarlet O’Hara*. Moreover, ELISA detected an uncharacterized strain of 
SPFMV directly from sweet potato. Even though all samples were obtained 
from plants showing symptoms, false negative results obtained for three of
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Table 12. Grouping of some Potyviridae that infect sweet potato (a)
Potyviridae
Ipomovirus
SPMMV (sweet potato mild mottle virus) 
Potyvirus
SPLV (sweet potato latent virus) 
SPLV-CH (Chinese strain)
SPLV-T (Taiwanese strain)
SPVG (sweet potato virus G)
SPVG-CH (Chinese strain) 
SPVG-CH2 (Chinese strain 2)
SPFMV (sweet potato feathery mottle virus) 
SPFMV-C (common strain) 
SPFMV-956 (strain 956) 
SPFMV-CH2 (Chinese strain 2) 
SPFMV-6 (strain 6)
SPFMV-RC (russet crack strain) 
SPFMV-952 (strain 952)
SPFMV-S (severe strain) 
SPFMV-K1 (Korean strain 1) 
SPFMV-K2 (Korean strain 2)
SPFMV-CH (Chinese strain)
SPFMV-O (ordinary strain)
SPFMV-5 (strain 5)
SPMSV(b) (sweet potato mild-speckling virus)
(a) Relative position of SPFMV-952 and SPFMV-956 among other sweet potato 
potyviruses. Their positioning was deduced from the sequence data obtained for 
their 5’coat protein gene compared to sequences from the GeneBank. The 
potyviruses were grouped according to dendrograms published elsewhere (Colinet 
etal.,1998, Ryu etal., 1998).
(b) A putative new member of the Potyviridae (Alvarez et al., 1997).
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them illustrate some of the problems frequently experienced in serological 
detection of potyviruses from sweet potato. Samples selected for ELISA should 
be showing symptoms, since infected samples with low levels of virus or 
symptomless may not react (Cadena-Hinojosa & Campbell, 1981). It has been 
demonstrated that distribution of SPFMV along the length of the vines is 
irregular (Green etal., 1988; Abad & Moyer, 1992). In some cases SPFMV can 
be detected in some leaves along a vine while in others the virus was not 
detected. The varying concentration of virus throughout the plant over time also 
causes problems (Beetham & Mason, 1992). These factors could also be 
correlated with the inconsistency of the PCR experienced in this work. Inhibitory 
enzymatic components of Ipomea spp, also are reported to interfere with ELISA 
(Abad & Moyer, 1992). Apparently, the dilution of plant sap resulted in higher 
ELISA readings for some reactions. Simultaneous dilution of inhibitory 
components and virus may result in dilution of the inhibitors below the 
concentration at which they are effective before the virus is diluted to non- 
detectable concentrations.
Molecular hybridization using riboprobes has been reported to provide 
greater sensitivity of detection of SPFMV in symptomless tissues than 
serological methods (Abad & Moyer, 1992). Preliminary results obtained in this 
work demonstrate the applicability of in vitro transcription of RNAs from 
SPFMV-952 cloned cDNA templates for riboprobe synthesis. However, 
optimization of assay procedures and modification of hybridization conditions 
are necessary for optimum results. This is not unusual considering that in other
81
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laboratories acceptable results for a sweet potato riboprobe system were 
obtained only after removal of nonhybridized probes with RNase to minimize 
background reactions (Abad & Moyer, 1992).
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SUMMARY AND CONCLUSIONS
Summary: Potyviruses from different states were isolated and the 
symptoms induced in a range of hosts were compared to those induced by a 
previously characterized common strain of SPFMV (SPFMV-C) from North 
Carolina. One isolate was obtained from Ipomea purpurea and 13 from sweet 
potato. Ten isolates were obtained from sweet potato ‘Beauregard’ showing 
russet crack symptoms. Two isolates induced russet crack symptoms in ‘Jersey’ 
and one appeared to be associated with internal cork symptoms in ‘Porto Rico’ 
but none of the isolates induced russet crack symptoms in ‘Beauregard’ after 
experimental mechanical inoculation. One of the objectives of this work was to 
identify and differentiate, the causal agent of russet crack in ‘Beauregard’. To 
differentiate the isolates, their biological and molecular properties were 
determined. Two methods for total RNA extraction from infected plants, and the 
combination of both were effective to provide viral RNA for RT-PCR reactions. 
All the isolates, except the isolate from I. purpurea, were detected by PCR 
using potyvirus-specific primers. Electrophoretic analysis of restriction digests 
earned out on the amplified RT-PCR products of five isolates and single strand 
conformational polymorphism analysis of RT-PCR of seven isolates, did not 
permit differentiation of strains of SPFMV among the isolates. PCR products 
from two isolates and SPFMV-C, were cloned and sequenced. Comparison of 
their partial coat protein sequence with potyvirus sequences deposited in the
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GeneBank, confirmed the russet crack identity for one strain and the common 
strain identity for the two others.
Another objective of this work, was to test and evaluate PCR-based 
protocols for sweet potato virus detection. Results suggested that RT-PCR is 
effective for molecular characterization of potyvirus from sweet potato, without 
the need for virus purification. However, this method was not consistent for 
detection of potyviruses in routine diagnose.
Conclusions: Despite the fact that host range is sometimes cited as being 
of secondary value for potyvirus taxonomy, after coat protein sequence data, 
this work demonstrated that host range plays an important role for identification 
of russet crack strains of SPFMV. Moreover it suggests that before naming a 
new virus strain based solely on its sequence information, biological properties, 
like host range, must be provided in order to support strain nomination.
RT-PCR did not reproducibly succeed in detecting SPFMV in plants known 
to be infected, and thus the methods used do not support the use of RT-PCR in 
routine diagnosis of sweet potato viruses. However it has some advantages, 
because it can amplify viruses present in low concentrations, like SPFMV. 
Fourteen out of 15 virus isolates could be detected by this method, and also, 
genetic material was obtained for further molecular characterization, without the 
need of virus purification. SPFMV, and probably other sweet potato viruses, are 
representatives of some of the most difficult viruses to work with. Several 
methods that are currently available for virus detection can be adopted, with 
some modifications, for sweet potato virus detection from symptomatic
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Ipomea spp. However, this work demonstrated, that sometimes, even 
symptomatic plants can escape detection. An ideal method for diagnosis of 
sweet potato viruses, must rely on consistency of results and capability to 
detect the virus from symptomless infected plants. At the same time, those 
methods should not be too expensive in order to be accessible to most 
worldwide sweet potato producing areas.
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